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PREFACE 



In presenting this revision of the oflBlcial and tentative methods of 
analysis of the Association of Official Agricultural Chemists, it is appro- 
priate to give a brief statement of the organization of the association, 
its purpose and the procedure by which the methods are adopted. 

Membership in the Association is institutional and includes the State 
Departments of Agriculture, the State Agricultural Colleges and 
Experiment Stations, the Federal Department of Agriculture and the 
Federal, State and City offices chcurged with the enforcement of food, 
feed, drug, fertilizer, insecticide and fungicide control laws. 

The Association was founded at Philadelphia, Pa., September 9, 1884, 
by the following representative agricultural chemists of that time, the 
organizaJton being the result of a series of informal meetings held the 
immediately preceding years; 

Prof. H. W. Wiley, Chemist of the Department of Agriculture, Wash- 
ington, D. C« 

Mr. Clifford Richardson, Assistant Chemist of the Department of 
Agriculture, Washington, D. C. 

Mr. Philip E. Chazal, State Chemist of South Carolina. 

Dr. Chas. W. Dabney, Jr., State Chemist of North Carolina. 

Dr. J. W. Gascoyne, State Chemist of North Carolina. 

Dr. E. H. Jenkins, Connecticut Experiment Station. 

Prof. John A. Myers, State Chemist of Mississippi. 

Prof. H. C. White, State Chemist of (Jeorgia. 

Mr. C. DeGhequier, Secretary Natitmal Fertilizer Association. 

Dr. Schumann, Dr. Lehmann, Mr. Gaines and others. 

At the first meeting methods for the determination of phosphoric 
acid and potash in commercial fertilizers were adopted and work was 
begun for the perfection and adoption of methods for the entire range 
of agricultural chemistry. Later the passage of food and drug and 
insecticide and fungicide control legislation by the states and by the 
Federal Government made it necessary to extend the scope of the Asso- 
ciation's activities for reason that the Association methods were desig- 
nated as the official methods for the enforcement of auch legislation as 
well as for the control of feeds and fertilizers by the various states. 
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To attain the aims of the association for a set of accurate methods, a 
system was evolved by which the methods in question are subjected to 
the most rigorous and painstaking scrutiny before they can be adopted. 
A "referee" is appointed for any subject for which the association has 
not yet an official method or for a method which seems to require further 
investigation. The referee conducts analyses according to the methods 
suggested for adoption in comparison with methods already established, 
obtaining the collaboration of as many as possible of the workers in that 
field. In addition, a great deal of original research has been inaugurated 
on new methods. This system developed logically until at the present 
time, in order to be adopted as "tentative", a method must be recom- 
mended to the association by the referee, and such recommendation is 
made only after the method has undergone a thorough collaborative and 
critical study. Further, the special committee on methods must approve 
the recommendation and the method must be accepted by a vote of the 
association. In order to become "official", a method must be again 
accepted at another annual meeting. The recommendations of referees 
are published in the reports of the proceedings of the association in the 
Journal of the Association of Official AgricuUural Chemists, so that all 
tentative methods are made public before being adopted. This permits 
consideration and criticism by chemists who are not members of the 
association. It is immediately apparent that a method can be made 
official only after the most thorough series of tests, not alone for accuracy, 
but for ease of operation as well. It may be stated without reservation 
that more elaborate and painstaking effort has been expended on this 
collection of analytical methods than upon any other set of similar 
methods in the field of chemical science. 

The compilation and revision of the methods presented in this book 
^as made by a committee of the association, consisting of R. E. Doolittle, 
chairman; B. L. Hartwell, G. W. Hoover, A. F. Seeker (deceased), J. P. 
Street and W. A. Withers. Later, on the resignation of J. P. Street, 
A. J. Patten was appointed a member of the committee and the work 
of revision was continued. 

A preliminary revision, antedating the revision published in this book, 
was printed in 1916 as supplementary parts to Volumes I and II of the 
Journal of the Association of Official Agricultural Chemists. In this pre- 
liminary revision the committee received important assistance from R. L. 
Emerson, F. C. Blanck and N. A. Parkinson. At that time the scheme 
of numbering the sections in each chapter was adopted in order to sim- 
plify the system of cross-references. 

In the preparation of the present revision J. A. MacLaughlin rendered 
valuable assistance. Acknowledgment is also made to the Library of the 
Department of Agriculture for assistance. 
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Throughout its work, it has been the aim of the committee not only 
to bring the methods up to date, but especially to state the procedure 
with such lucidity and in such detail as to make it possible for any 
trained chemist to operate without being in doubt at any time. 

The work of the committee has been one of critical revision, compilation 
and editing. The work of developing the methods was done by the 
various referees and their collaborators who have reported to the associa- 
tion at its annual meetings during the last decade. To them is due the 
credit for the subject matter of this book.J 

C. L. Alsberg, 

Secretary of the Association of 
Official Agricultural Chemists. 
September 17, 1920. 



INTRODUCTION 



By Dr. Harvey W. Wiley, Honorary President of the Association of 

Official Agricultural Chemists. 



In the present edition of the Methods of Analysis, official and tenta- 
tive, of the Association of Official A|^ultural Chemists, the technique 
of analytical procedures has been revised to November 1, 1919. The 
monumentcd work of the Association of Official Agricultural Chemists 
is not only well known in the profession in this country, but is recog- 
nized in all countries as being the last word in agricultural chemical 
technique. The methods of determining the composition of agricultural 
products, as well as of all bodies related to agriculture, has been recognized 
also by the courts of this country. In case of judicial proceedings where 
different methods of analysis have been employed, the court, in all cases 
where the question has arisen, has recognized the official methods as 
binding. 

At the time of the organization of this body, referred to in the Preface, 
agricultural methods of research, from the chemical point of view, were 
extremely chaotic. The progress of agricultural science which has marked 
its history in the last third of a oentury could not have been mcuntained 
amid these chaotic ccmditions. The methods adopted by the founders of 
this association for correcting this state of affairs have been shown by 
experience to be the best possible. I can say that the improvement in 
agricultural dbbemical technique has almost kept pace with the growth 
of the association. 

The gradual incorporation in the membership of the association of 
those scientific men engaged in the control of foods and drugs has 
widened the scope without altering the purpose of the original founders. 
Today we find a body of scientific workers in agriculture and related 
subjects numbering quite half a thousand, who, by their activities and 
collaboration, have contributed to the pages of this volume, directiy or 
indirectly. The scientific knowledge of agriculture which has been veri- 
fied and extended by this association now forms the foundation of all 
agricultural improvement. 
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The profession of agriculture is the fundamental industry of this 
country. Everything which strengthens the foundations of this industry 
benefits the country at large. Our workers are not banded together for 
personal preferment, either in wages or in authority. They have united 
for the sole purpose of benefitting agriculture and thus increasing pro- 
duction. They have not asked for shorter hours, nor for higher pay. 
They have worked in season, out of season, by day and by night, on 
work days and holidays, to perfect that science which, in its application, 
is the most powerful factor in scientific agriculture. 

The ability of the agricultural industry to withstand the assaults which 
are made upon it at the present time is largely due to the successful 
efforts of our association. The agricultural industry has been built upon 
a rock and thus it is able to withstand the winds and the floods. This 
industry is now in a more critical condition than any other. The allure- 
ments of the city and the high wages of labor therein, have drawn from 
the farm much of its best blood and energy. Congregate life has become 
so much more attractive than discrete life that it is hard to keep the 
young of both sexes upon the farm. Yet it is plain that if man power 
and woman power upon the farm now be depleted the industry must 
suffer. Making the farm attractive does not merely mean beautifying 
the house in which the farmer lives, making it more sanitary, planting 
trees, flowers and shrubs, but it means also the best knowledge of the 
soil and its properties; the most scientific data respecting the manufac- 
ture and use of fertilizing materials; the most accurate knowledge of the 
character of crops best suited to the soil and the best system of rotation 
which will help develop from the soil its most generous contribution. 
In other words, not only must the farmer's farm be attractive and 
sanitary, but it must also be productive and dividend paying. 

We can well imagine the worth of the w<»*k which our association has 
done by picturing for a moment what the present agricultural industry 
would be if all that our science has contributed to it were stricken from 
human records. In such a deplorable condition starvation would surely 
be staring the world in the face. In the quiet corners of the laboratory, 
by the midnight oil and by personal devotion, the means which enable 
the farmer to get more remunerative crops have been worked out and 
perfected. These workers, male and female, who have done this gigantic 
task have never been heralded in the puMic press, nw received enco- 
miums of an admiring world. They have done their work silently and 
effectively, without expectation of praise and without hope of pecuniary 
reward. Their real reward has been in the consciousness of duty done. 
The referees who have presided over this great work for the past thirty- 
six years and those who have aided them in these investigations, merit 
the generous regard and esteem of the whole scientific world, as well as 
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the whole agricultural world. Our association has been not one of debate 
nor of visionary plans of human welfare, but rather of hard work and 
consecrated devotion to the cause. 

The volume which is now Ifciid before you contains the very last word 
of all that is important in agricultural research from the chemical and 
physical point of view. This does not mean that the field is fully 
exploited. The great unknown of tomorrow doubtless holds in its secret 
embrace even greater prospects for human betterment than the days 
which have already passed. This association stands ready and with 
expectant breath to receive the messages of tomorrow and translate 
them to the agricultural world. 

Washington, D. C, 
September 15, 1920. 
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Official and Tentative Methods of Analysis 

OF THE 

ASSOCIATION OF OFFICIAL AGRICULTURAL 

CHEMISTS 

(REVISED TO NOVEBfBER 1, 1919) 



I. FERXaiZERS. 

GENERAL METHODS. 

1 MBCHAHICAI. ANALYSIS OF BQNB AUD TA]IKA0S.-OfnCIAL. 

Tk-ansfer 100 grams of the original material to a sieve having circukr openings 
^ inch (0.5 mm.) in diameter. Sift, breaking the liunpa by means of a soft robber 
pestle if the material has a tendency to cake. Weigh the coarse portion remaining 
on the sieve. Determine the fine portion by difference. 

2 PRBPARATION OF SAMPLB.--OFFICIAL. 

Reduce the gross sample by quartering to an amount sufficient for analytical pur- 
poses. Transfer to a sieve having circular openings iV inch (1 mm.) in diameter, sift, 
breaking the lumps with a soft rubber pestlie. Grind in a mortar the part remaining 
on the sieve until the particles will pass through. Mix thoroughly and preserve in 
tightly stoppered bottles. Grind and sift as rapidly as possible to avoid loss or gain 
of moisture during the operation. 

It is recommended that the gross sample be taken by means of a sampler which 
removes a core from the top to the bottom of the bag; that at least a pound of the 
material shall constitute an official sample sent to the laboratory; and thM the ^ntiii& 
sarndte submitted to the chemist be passed through a lOmesh sieve previous to its 
subdivision for analysis. 

3 MOISTintB^-OFnCIAL. 

Heat 2 grams of the sample prepared as in 2 for 5 hours in a water oven' at the 
temperature of boiling water. In the case of potash salts, sodium nitrate and ammo- 
nium solf^ate, heat at about 130^C. to constant weight. The loss in weight is con- 
sidered as moisture. 

TOTAL PHOSPHORIC ACm. 

Gravimetrie Meikod.'—Qfficial. 

4 aBAOBMTS. 

fk) Molybdaie solution. — Dissolve 100 grams of molybdic add in dihite ammonium 
hydroxid (144 cc. of ammonium hydroxid (sp. gr. 0.90) and 271 cc. of water); poor 
this sohition slowly and with constant Stirring into dilute nitrie acid ('489 cc. of nitric 
acid (sp. gr.' 1.42) and' 1148 cc. of Water). Keep the mixture in a warm place for 
severid dayv or until a -portion heated 'to 40^. deposits no yellow precipitate of am- 
ikionium phoephomolybdate. Decsmt the solutioD from any sediment and preserve in 
glass-stoppered vessels. 
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2 METHODS OF ANALYSIS [j 

(b) Ammonium niirale solulion. — Dissolve 200 grams of commercial ammoniun^ 
nitrate, phosphate free, in water and dilute to 2 liters. 

(C) Ma§nesia mixiurt. — Dissolve 22 grams of recently ignited calcined magnesia in 
dilute hydrochloric acid, ovoidiiig an ekeess Of the add. Add a Utile ealdnad maf^esia 
in excess, and boil a few minutes to precipitate iron, aluminium, and phosphoric acid : 
filter; add 280 grams of ammonium chlorid, 261 cc. of ammonium hydroxid (sp. irr. 
0.90) and dilute to 2 liters. Instead of Uh solution of 22 grams of cafcined magnesia, 
110 grams of crystallized magnesium chlorid (MgClt6HsO) dissolved in water may be 
used, then add 280 grams of ammonium chlorid and proceed as above. 

(d) Dilute ammonium hydroxid for washing, — Dilute 100 cc. of ammonium hydroxid 
(sp. gr. 0.90) to 1 liter. 

(e) Magnesium niiraie soluiion. — Dissolve 320 grams of calcined magnesia in nitric 
acid, avoiding an excess of the latter; then add a little calcined magnesia in excess, 
boil, filter from the excess of magnesia, ferric oxid, etc., and dilute to 2 liters. 

5 PRBPARATIOIV OT SOLUTION. 

Treat 2 grams of the sample by one of the methods given below. In the case of (d) 
2.5 grams may be used. Cool the solution, dilute to 200 oc., or 250 cc. if a 2.5 gram 
sample was used. Mix and pour on a dry filter. 

(a) Ignite, and dissolve in hydrochloric acid. 

(b) Evaporate with 5 cc. of magnesium nitrate, ignite, and dissolve in hydrochloric 
add. 

(C) Boil with 20-30 cc. of strong sulphuric acid in a Kjeldahl flask, adding 2-4 grams 
of sodium or potassium nitrate at the beginning of the digestion and a small quantity 
after the solution has become nearly colorless, or adding the nitrate in small portions 
from time to time. After the solution is colorless add 150 cc. of water and boil for a 
few minutes. 

(d) Digest in a Kjeldahl flask with strong sulphuric acid and such other reagents as 
are used in either the plain or modified Kjeldahl or Gunning method for estimating 
nitrogen. Do not add potassium permanganate, but after the solution has become 
colorless add about 100 cc. of water and boil for a few minutes. 

(e) Dissolve in 30 cc. of concentrated nitric acid and a smaU quantity of hydro- 
chloric add and boil until organic matter is destroyed. 

(f ) Add 30 cc. of concentrated hydrochloric add, heat and add cautiously, in small 
quantities at a time, about 0.5 gram of finely pulverized potassium chlorate to destroy 
organic matter. 

(2) Dissolve in 15-30 cc. of strong hydrochloric add and 3-10 cc. of nitric add. 
This method is recommended for fertilizers containing much iron or aluminium phos- 
phate. 

6 DBTBRMINATION. 

Take an aliquot of the solution prepared as directed above, corresponding to 0.2d 
gram, 0.50 gram, or 1 grano, neutralize with ammonium hydroxid and dear with a 
few drops of nitric add. In case hydrochloric or sulphuric add has been used as a 
solvent, add about 15 gtams of dry ammonium nitrate or a solution containing that 
amount. To the hot solution add 70 oc. of the molybdate solution for every decigram 
of phof^kboric add (PiOi) present. Digest at about 65X. for an hour, and determine 
if the phosphoric add has been completely precipitated by the addition of more molyb- 
date solution to the clear supernatant liquid. Filter and wash with cold water or, 
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pr«ferably« ammoniiun nilittto sohition. Diiaoive the precipitate on. the titer with 
ammoniuiD hydroodd and bot water and waeh into a beaker to a bulk of not more than 
100 oc. Nearly neutralize with hydrochlorio acid, cool, and from a burette add slowly 
(about 1 drop per second), stirring vigorously, 15 cc. of magnesia mixture for each 
decigram of phosphoric add (P/h) prtsent. After 16 minutes add 12 cc. of ammonium 
hydroxid (sp. gr. 0.90). Let stand till the su^ieniatant liquid is clear (2 hoi^ is usually 
enough), filter, wash with the dilute ammonium hydroxid until the washings are prac- 
tically free from dilorids, ignite to whiteness or to a grayish white, weigh and calculate 
to phosphoric add (PsO»). 

Vokunttrie Method, — Official. 

7 RBAGBNT8. 

(a) Molybdaie solution. — To 100 cc. of mdybdate solution prepared as directed in 
4 (a), add 5 oc. of nitric add (sp. gr. 1.42). This solution should be filtered immedlatdy 
before using. 

(b) Standard sodium or potassium Hydroxid solution. — Dilute 323.81 oc. of N/1 alkali, 
free from carbonates, to 1 liter. One hundred oc. of the solutioo should neutralize 32.38 
cc. of N/1 add; 1 cc. is equivalent to 1 mg. of PtOi (1% of PsO* on a basis of 0.1 gram 
of substance). 

(C) Slmd&rdmid90kaimn.'-Prepare an ad«l solution oonrespoading to the strength 
of (b), or to one-half of this strength, and standaidixe by titration against that soki- 
tion, usiag pheaoiplithalein as indicator. Hydrochloric or sitric aoid may be used. 

(d) PhenotfMMkin «oftilMm.— Dissolve 1 gram of phenoipiithalein in 100 oe. of 
aleobol. 

8 PREPARATION OF SOLUTION. 

Dissdive according to 5 (b), (e), (f), or (^, preferably by (e), when these adds 
are a suitable solvent, and dilute to 200 cc. with water. 

9 DETBRMINATION. 

(a) For percentages up to 5 use an aliquot corresponding to 0.4 gram of sub- 
stance, for percentages between 5 and 20 use an aliquot corresponding to 0.2 gram of 
substance, and for percentages above 20 use an aliquot corresponding to 0.1 gram 
of substance. Add 5-10 cc. of nitric acid, depending on the method of solution (or 
the equivalent in ammonium nitrate), nearly neutralize with ammonium hydroxid, 
dilute to 75-100 cc., heat in a water bath to 60*-65*C., and for percentages bdow 5 
add 20-25 cc. ol freshly filtered molybdate solution. For percentages between 5 and 
20 add 30-35 cc. of molybdate solution. For percentages greater than 20 add suffident 
molybdate solution to insure complete predpitation. Stir, let stand in the bath about 
15 minutes, filter at once, wash once or twice with water by decantation, using 25-30 cc. 
each time, agitate the predpitate thoroughly and allow to settle; transfer to the filter 
and wash with cold water until the filtrate Ircffli 2 fillings of the filter yidds a pink colir 
upon the addition of phenolphthaldn and 1 drop of the standard alkali. Transfer the 
precipitate and filter to the beaker or predpitating vessd, dissolve the precipitate in 
a small excess of the standard alkali, add a few drops of phenolphthaldn solution and 
titrate with the standard add. 

(b) Proceed as in (a) with this exception: Heat in a water bath at 45°-50X., 
add the molybdate solution, and allow to remain in the bath with occasional stirring 
for 30 minutes. 

(C) Proceed as in (a) \o the point where the solution is ready to place in the water 
bath. Then oool the solution to room temperature, add molybdate solation at the 
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rate of 75 oc. for each ded^an of phosphoric acid present, place the stoppered fkuk 
oontainfaig the solution in a shaking^ appatatas and shake for 30 minutes at room 
temperature, filter at once, wash, and titrate as fai (a). 



10 Gravimetric Method. — Official. 

Place 2 grams of the sample on a 9 cm. filter, wash with sucoeasive snail portions 
of water, allowing each portion to pass through before adding moie, until the filtrate 
measures about 250 cc. If the filtrate is turbid, add a little nitric acid. M^e up to 
any convenient volume, mix weD, use an aliquot and proceed as directed under 6. 

11 Volumetric Method.— Official. 

Treat the sample as directed under It. To fin aliquot of the solution correspondiiig 
to 0.2 or 0.4 gram, add 10 cc. of concentrated nitric acid, neariy neutralize with ammo- 
nium hydroxid, dilute tp 60 oc. and proceed as directed under 9. 

cmtATB-maoLUBtB PBospRouc 4cii>.— omciAL. 

12 REAGEPrrS. 

Ill addition to tka reagents desorihad under 4 and 7 prepare afwaaaium citrate 
sakition by one of the following melkada: 

Ammonium ciiMte wohttUm. — (1) DinoKe 879 grama of ooomierciai citiie acid in 
1500 CO. of water; nearly neutralize with oomttMraial ammonium hydroxid; cool; add 
ammonium hydroxid until exacUy neutral to corallin (saturated alcoholic solution), 
and dilute su£Bcientiy to make the specific gravity 1.09 at 20X. The volume will 
be about 2 liters; or, 

(2) To 370 grams of conunercial citric acid add commercial ammonium hydroxid 
until nearly neutral; reduce the specific gravity to slightly more than 1.09 at 20^. 
and make exactly neutral, testing m fioAowa: Prepare a solution of fused calcium 
chlorid, 200 grams to the liter, and add 4 volumes of strong alcohol. Make this solu- 
tion exacUy neutral, using a small amount of freshly prepared corallin solution as 
preliminary indicator, and test finally by withdrawing a portion, diluting with an 
equal volume of water, and testing with cochineal solution; 50 oc. of this solution will 
precipitate the citric acid from 10 cc. of the citrate solution. To 10 cc. of the nearly 
neutral citrate solution add 50 oc. of the alcoholic calcium chlorid solution, stir well, 
filter at once through a folded filter, dilute with an equal volume of water and test 
the reaction with neutral solution of cochineal. If acid or alkaline, add anunonium 
hydroxid or citric acid, as the case may be, to the citrate solution, mix and test again, 
as before. Repeat this process until a neutral reaction is obtained. Add sufficient 
water to make the specific gravity 1.09 at 20^C. 

IS DRTBRSflfVAnOlV. 

(a) Acidulated samples. — Heat 100 cc. of strictly neutral ammonium citrate solution 
(sp. gr. 1.09) to 65°C. in a 250 cc. flask placed in a warm water bath, keeping the flask 
loosely stoppered to prevent evaporation. The level of the water in the bath should 
be above that of the citrate solution in the flask. When the citrate solution has reached 
65*^C., drop into it the filter containing the washed residue from the water-soluble 
phosphoric acid solution in 19, close tif^liy with a smooth rubber stopper and shake 
violentiy until the filter paper is reduced to a pulp, relieving the pressure by momentarily 
removing the stopper. Place the flask in the bath and msrintain its contents at exactiy 
65^C. %ake the flask every minutes. At the expiration of exactly 30 minutes from 
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the lone the filler and the teiddae are introduced', remove the flask from the bath and 
immediately filter the contents as rapidBy as ^KMsible, through a qnick-acting' filter 
pap^. Wash with -water at 65*^. until the volume of the filtrate is about 350 oc., 
aHowingtinie for thorougii draining before adding new portions of water. (1) Transfer 
the filter and Its contents to a tmcible, ignite ttntfl all organic matter is destroyed, add 
10-15 cc. of stfoftg hydrochloric add and digest until all phosphate is dissolved; or, 
(2) Return the filter with contents to the digestion flaldL, add 30-35 cc. of strong nitric 
add, 5-10 cc. of strong hydrochloric acid and bofi until all phosphate Is dissolved. 
Dilute the solution as prepared in (1) or (2) to 200 cc. If desired, the filter and- its 
oonteota ooay be tt eai te d aoo onM ig to method 5 (b), (€) or (d). Mix veil, filter 
through a dry filter and psooeed as directed under 6> or 9. 

(b) Now Bf idniafad §amplu,,^*-4m caae a determination of catrato4nsolab>e phosphoric 
acid is required in no^Micidulated samples treat 2 grams of the phoqAatic material 
without previous washing with water, precisely as in (•), except when the suhatance 
contains much animal matter (bone, fish, etc.), in which case dissolve the residue 
insoluble in anmionium dtrate by any one of the processes described under 5 (b), (C) 
or (d) and determine phosphoric add as directed under 6 or 9. 

14 cmumi-nouBLB wmosMtoma AciiK«-ofiicuL. 

The sum of the water-soluble and citrate^insoluble subtracted from the total gives 
the citrate-e(duble phosphoric acid. 

15 nmrntnom or ntnLtawB^-^wnoku 

Mix 5 grams of the fertilizer with 25 cc. of hot water and filter. To a portion of 
this solution add 2 volumes 6f concentrated sulphuric acid, free from nitric acid and 
oxids of nitrogen and aUow the mixture to cool. Add cautiously a few drops of a 
concentrated solution of ferrous sulphate so that the fluids do not mix. If nitrates are 
present the junction shows at first a purple, afterwards a brown, color or if only a very 
minnle qwMlty he prssetot, t reddish eolor. T»«Miher portion of the solution add 
1 cc. of a 1 per cent solution of aodium nitrate and test as beiore to dotennine whetiMr 
sufficient sulphuric acid was added in the first ta»t. 

OROAmC AlVP AMMOIOACAL IflTROGBIl ONLY. 

KjeUbthl Meihod,-<)lfkial. 

16 MIAOElfTa^ 

For ordinary work N/2 acid is recommended. For work in determining very snii^ 
amounts of nitrogen N/10 add is recommended. In titrating mineral adds against 
aaamoninm hjulieaid aohilion uns oocUnealor sietliyl ted as indioator. 

<ft) Storuford kySxteMorie oen/.-^Detettnine the abeelute strength aSi fsAows: Pre- 
li mi nar y fetf.-^PIaee a measured portion'Of the add to be standardise in an Brienmeyer 
flaak with excess of ealdnm csirbonate to netttralhee fre^ add and a ttMr drops of 
potassium chrotnate lis indicator. By titratton with sflver nitrate soiutiovi determine 
exactly the cpMtttity required to precipitate &e driorids. Fiinal SderminaUon. — ^To a 
raeasored portion of theadd to be standardised add from the burette 1 drop in excess 
of the required quantity of silver Idlnte seftution as determined by the preoeding^ test. 
Heat to 4ioiii|g; ptnieot fr6Wk the Kght, and allow to stand until the predpitate is 
graaeiar. FIMr on a tared Gooch crudMe, previously heated to 149*-150*<^., wash 
wiOt hot ' water, testing the filtrate to prove excess of silver nitrate. Dry the silver 
ddorid at HO^lto^C, cool and weigh. 
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(b) Siandard iulphurie acid* — ^Determine tbe abflolote alceoglh of Ibe acid by pre- 
dpitatioD with barium cblorid solution as foUows: Dilute a measured quantity of tbe 
add to be standardized to approximately 100 oc, heat to boiling and add drop by drop 
a 10 par oent solution of barium chlorid until no further piedpitation ooours. Con- 
tinue the boiling for about 5 minutss, allow to stand for 5 hours or loDger in a warm 
place, pour the supernatant liquid on a tared Goodi crudbU or an ashless filter, 
treat the predpitate with 25-30 cc. of boiling water, transfer to the filter and wash 
with boiling water until the filtrate is free from ddorids. Dry, ignite over a Bunsen 
bunier and weigh as bfuinm sulplMte. 

(C) Simndard alk^i sokUwn, — ^Aoeurately determine the strength of this solution by 
titration against the standard acid. N/10 solution is recommended. 

<d) Smlf^mttit moid. — 8p. gr. 1j84 and free from nstrates a»d ■— ■■■i»pig«i anIphsAe. 

(6) MdalHc mervury, or mercurieoxid. — Mercuric oxid shoidd be prepared in the wet 
way, but not from mercuric nitrate. 

(f) Copper sulphale. — Crystallixed. 

(^) Granulaied zinc or pumice stone. — Added to the contents of the distillation flask 
if necessary to prevent bumping. 

(h) PoUusium Muiphid mkUioH,-^lMmdtn\ 40 grama of oomnMrrial potassium sulphid 
in 1 liter of water. 

(i) Sodium kydroxid solution, — A saturated solution, free from nitrates. 

(j) Cochineal solution, — Digest, with frequent agitation, 3 grams of pulverized 
cochineal in a mixture of M ee. of sliioqg aleohoi and 200 eo. of water for 1 or 2 days 
at ordinary temperature, and then filter. 

(k) Methyl red solution. — Dissolve 1 gram of methyl red (dimethyl-amino-azo- 
benzene-ortho-carboxylic acid) in 100 cc. of 95 per cent alcohol. 
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APPARATUS. 



(a) KjeUbMfliuhsfar both digestion and distUUUim.-^TotaA capacity of about 560 oc., 
made of hard, moderately thick, and weU-aanealed glass. 

(b) Distillation flasks, — For distillation any suitable flask of about 550 cc. capacity 
may be used. It is fitted with a rubber stopper through which passes the lower end 
of a Kjeldahl connecting bulb to prevent sodium hydroxid being carried over me- 
chanically during distillation. Tbe bulb should be about 3 cm. in diameter, and the 
tubes should be of the same diameter as the condenser tube with which the upper end 
of the bulb tube is connected by means of rubber tubing. 
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DETERMINATION. 



Place 0.7-3.5 grams, according to tbe nitrogen oontant, of the suhalance to be 
ly Bed in a digestion flask with approximately 0.7 gnsun of mercuric ovid, or its equivalent 
in metallio mercury, and add 20-30 oa of sulphuric add (0.1-0«3 gram of crystallixed 
copper sulphate may also be used in addition to the mercury, or in place of it). Place 
the flask in an inclined podtion and heat bdow the boiling point of the add until 
frothing has ceased. (A small piece of paraffin may be added to prevent extreme 
foaming.) Then increase the heat until the add boils briskly and digest lor a time after 
the mixture is colorless or nearly so, or until oxidation is complete. 

After cooling dilute with about 200 cc. of water, add a few piooes of grwuilated sine 
or pumice stone, if necessary to prevent bumiung, and 25 oc. of potawum sulpbid 
solution with shaking (when no mercury or mercuric oxad is used the addition of potas- 
sium sulphid is unnecessary). Next add sufficient sodium byditudd solution to make 



I] PBRITUZEIIS 7 

the reaction strongly alkaline, 50 cc. are usually enough, pouring it down the side of 
the flask so that it does not mix at onoe with the acid solution. Connect the flask 
with the condenser, mix the contents by shaking, distil until all ammonia has passed 
over into a measured quantity of the standard add and titrate with the standard 
alkali. The first 150 cc oC the distillate will generally contain all the ammonia. 

IVevious to use the reagents should be tested by a blank experimeat with sugar. 
The sugar partially reduces any nitrates present that might otherwise escape notice. 

Canning Method. — Official, 

19 BJUOKNTO. 



Poiauium ndphtde, er ankydtrms wodium iulphate,-^ 

The other reagents and standard nolulioai used are d escr ibed under 14. 

20 AFPABATUa. 

The apparatvs used is described under 17. 

21 DBTERMINATION. 

Place 0.7-^5 gnma, aocording to the nhiogen oootent, of the snhstaaoe to he aaa* 
lyaed in a digftinn flask. Add 10 grams of powdered potassium sulphate, or 10 grams 
of anhydrous sodium sulphate, and 15-26 cc. (ordinarily about 20 cc.) of svlpharic 
add (0.1-0.3 gram of crystallized copper sulphate may also be added). Conduct the 
digestion as in the Kjeldahl process, starting with a temperature below the boiling 
point and increasing the heat gradually until fiothing ceases. Digest for a time after 
the mixture is colorless or nearly so, or until oxidation is complete. C>>mplete the 
determination as directed under 18 except that no potassium sulphid is added* In 
making alkaline before distilling it is convenient to add litmus paper or a few drops of 
phenolphthalein indicator. The pink color given by phenolphthalein indicating an 
line reaction is destroyed by a considerable excess of strong fixed alkali. 



KiMahl-Gunning-AmM MMod.— Official. 

22 nSAGBNTS AND APPABAXUS. 

Described mider 16, IV and 19. 

23 DBTERMINATION. 

Place 0.7-3.5 grains, according to the nitrogen content, of the substance to be ana- 
lyzed in a digestion flask. Add 15-18 grams of potassium sulphate, or 15-18 grams of 
anhydrous sodium 'sulphate, 1 gram of copper sulphate, 1 gram of mercuric oxid, or 
its equivalent in metallic mercury, and 25 cc. of sulphuric acid. Heat gently until 
frothing ceases, then boil the mixture briskly, and continue the digestion for a lime 
after the mixture is colorless or nearly so or until oxidation is complete. Cool, dilute 
with about 200 oc. of water, add 50 cc. of potassium sulphid solution, make strongly 
alkaline with sodium hydroxid solution and complete the determination as directed 
under 18. 

TOTAL HmOQBH. 

KJMahl Method Modified to include the Nitrogen of Nitrates— Official, 

2i REAGENTS. 

(ft) Zinc dust, — Impalpable powder. Granulated zinc or zinc filings will not answer. 

(b) SodiMun thioMulphaie, 

(C) Commereiai salicylic acid. 

The other reagents and standard scJntions are deacribed under 16. 
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25 ArPARATUS. 

The apparatus used is described under 17. 

26 DB^VRlflNATION. 

Place 0.7-3.5 grams, according to the nitrogen content, of the substance to be ana- 
lyzed in a Kjddahl digestion ilask. (1) Add 90 cc. of sulphuric acid containing 1 gram 
G^ saKcylfe add, diake until thoroughly mixed, allow to stand fbr at least 90 minutes 
and then add 5 grams of crystalUzed sodium tbiosulphate and digest as directed below; 
or, (2) Add to the substance 30 cc. of sulphuric acid containing 2 grams of salicylic 
acid, allow to stand at least 30 minutes and then add gradually 2 grams of zinc dust, 
shaking the contents of the io^k atlhe same time, and dt^sst as CaUova: 

Place the fktik on thft.wUnd Cor holding. the digeatioii Aaaks and beat oTer a low 
flame until all danger from frothing has passed. Then increase the heat until the ad^ 
boils briskly and continue the boiling untO white fumes no longer escape from the 
flask. This requires about 5-10 minutes. Addl apgyncaniiiately 0*7. .gmm of. merouric 
oxid, or its equivalent in metallic mercury, and continue the boiling until the liquid 
in the flask is colorless, or nearly so. In case the contents of the flask are likdy to 
beoooM solid hefeae thk point is leaehed, aid Ml oe* nK»e of aolphnife acid. Comi^lete 
the determmalioli as diraded under It. The reagents should be tasted by blanh '%x* 



Gunning Method Modified (o include the Nitrogen of Nitraks, — Official. 

27 BEAonvra and avpamtob. 

The apparatus^ reagents and standard solutions are described under 16, 17, 19 
and 24. 

28 DBTBUlUflUTIOM. 

Place 0.7-$.5 grams, according to the nitfogen content,^of the substance to be ana- 
lyzed in a digestion flask. Add 30-3£i ec. of salicylic add mixture (1 gram of salicylic 
add to 30 cc. of sulphuric add) ; shake until thoroughly mixed and allow to stand for 
at least 30 minutes with frequent shaking. Add 5 gratits of sodium thiosulphate and 
heat the solution for 5 minutes; cool; add 10 grams Sf potas^iln^ililphats, or 10 grains 
of anhydrous sodium sulphate, heat very gently until foaming ceases and proceed «s 
directed under 21. 

Absolute or Cupric Oxid Method. — Official, 

29 IU^«SNT8. 

(tt) Charte eup^ic oxid, — Ignite and cool before using. 

(b) Fine euprie oxid. — Grind (a). 

(€) Metallic cop/ier.-^ranulated copper, or fine copper gauze, heated and cooled 
in a current of hydrogen or by dropping the heated copper Into a test tube containing 
a few cc. of methyl alcohol. 

(d) Sodium bicarbonate. — Free from organic matter. 

(6) Caustic potash solution. — A supersaturated solution of caustic potash in hot water. 
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apparatus. 



(a) Combustion tube. — Hard Bohemian glass, about 65 cm. long, 12.7 mm. internal 
dianMter and sealed at one end. 

(b) Azolometer. — Capadty 100 cc, accurately calibrated. 
(C) Sprengel mercury air pump. 

(d) Small paper- scoop. — Made from stiff writing paper. 
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OtBTBRIflNA^TMW. 



Use 1-2 grains of ordinary commercial fertilizers. In the case of Highly nitrogenized 
substances, the amount to be used is governed by the amount of nitrogen estimated 
to be present. Fill the tube (Fig. 1) as follows: (1) about 5 cm. of coarse cupric oxid; 

(2) place on the small paper scoop an amount of the fine cupric oxid ¥^ch, 
when mixed with the substance to be analyzed, will fill about 10 cm. of the tube; pour 
on this the substance, rinsing the watch glass with a little of the fine oxid, and mix 
thoroughly with a spatula, pour49tQrllw4uJhe, riwWipilie scoop with a little fine oxid; 

(3) about 30 cm. of coarse cupric oxid; (4) about 7 cm. of metallic copper; (5) about 
6 cm. of coarse cupric oxid; (6) a stttsA plug of asbestos; (7) 0.8-1 gram of sodiuid' 
bioarboQate; (8) a li^g^ 1qQ9Q plug .of asbestosi 
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After the tube is fiMboM in «hanaHital posftlieti and, tap §aatly on tiK tabla la 
order that a oaaal may be lonssd. itt theupptr tporltoikol tka ifaw aqirlo oM. Plaoa 
the tube ia Ibe oMnbustkA- ftimiMsev leave abedt 3Ai»i. of it . pi o j e c ling and.' anaect 
with the pmap by a rubber- stopper sMeared- wilh gitcerel, takiqg oere to mefce tbe- 
connection perfectly tight. In order to protect the hitter fiKn ihe heett plaoa'an 
a diwi oe ^te; having a dreqiar openiog ia the eealer, over the pfojectia^ end H»f the 
tube. 

Bxhaiist the air from the tube by meaas of the* RUlap. Whan a. vaoHliv has beeoi 
obtained, allow the flow of mercury to continue; MghA'the gas laidcr that iiart of the- 
tube containing the metallic copper, the anterior layer of cupric oxid and the sodium 
bicarbonate. As soon as the vacuuin is dattayed and the apparatus filled with carbon 
dioxid, shut off th^ flow ^f mercury and at once introduce t^ delivery tube of the 
pump int9 the receiving am of the azotometec just below the sui^ce of the mercury 
seal so that the esqapii^g bubbles will pass into the air and not into the tube, to avoid 
the useless saturation of the caustic potash solution, 

Whea the flow of carbon dioxid has very nearly or completely ceased, pass the delivery 
tube down into the.receiving arm so that the bubbles will escape into the azotometer. 
Light the gas under the 30 cm. layer of oxid, heat gently for a few minutes, to drive 
out any moisture that may be present, and then bring to a red heat. Heat gradually 
the mixture of substance and oxid, lighting a jet at a time. Avoid a too rapid evolution 
of bubbles, which should be attowad taeeea^ at theMteaf about one per second or a 
little faster. When the burners under the mixture have all been turned on, light the 
gas under the layer of oxid at the end of the tube. When the evolution of bubbles has 
c ea s ed , tuvn out all the buraers exc^t those upder the metaUip cppper and anterior 
layer of oxid, and allow to cool for a few minutes. . Gx)iaN^V.i?Uh the^pump and remove 
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the azotomeier before the flow of mercury has Bfopped. Break the connection of the 
tube with the pump, stop the flow of mercury and extinguish the burners. Allow the 
azotometer to stand for at least an hour, or cool with a stream of water until the volume 
and temperature become constant. 

Adjust accurately the level of the potassium hydroxid solution in the bulb to that in . 
the azotometer; note the volume of the nitrogen, temperature and height of barometer. 
Calculate the weight of the nitrogen as usual. 

AMMOmUCML HRftoonr. 

32 AfagneMium Ozid Method. — QffkiaL 

Place 0.7-3.5 grams, according to the ammonia content, of the substance to be 
analyzed in a distillation flask with about 200 cc. of water and 5 grams or more of 
magnesium oxid, f ras f rttm carbonates. Then ossnect the flask with a condfliaer and 
distil 100 cc. of tfae liliuid nto a measured quantity of standard add and titrate with 
standard alkali ir'''l>igni tMjSj nQobiiwil iv msihyl red ■olMtion as indicator. 



KITRIC AND AHM OlfUCAL HITftOOBN. 

33 Bedueed Iron Method,— Official. 

Place 1 gram of the sample in a 500 cc. flask, add about 30 cc. of water and 2-3 
grams of reduced iroB, and, after standing sufficiently long to insure solution of the 
soluble nitrates and ammonium salts, add 10 cc. of a mixture of strong sulphuric add 
within equal volume of water; shake thoroughly, place a long-stemmed funnel in the 
neck of the flask to prevent mechanical loss and allow to stand for a short time untfl 
the vMenoe of the reaction has modemted. Heat the sohitioa 4owly , boH for 5 minutes 
and cool. Add about 100 cc. of water, a little paraffin, and 7-10 grams of magnesium 
ond, free or nearly free from oariioiiates. Gonneot with a oondenser, such as is used 
ia the Kjeldshl method and boil the naixture for 40 niiMites, aearly to dryness; ooOsct 
the ammonia in a mea sured quantity of standard aoid and tatmie with rtandard alksK 
aoiution in the usual numner. The nitrogen obtained rapreasnts the nitrates phis the 
anmcMdum saKs contained in the — "p^ 

In the analysis of nitrate salts p r o ce ed as above, except that 26 oc. of the nitrate 
solution, equivalent to 0.26 gram of the sample, are employed with 5 grams of reduosd 
iron. After boiling add 76 cc. of water and an eixoesB el sodiom hydrOxid solution and 
oooiplete the dsterssiaatMMi as above. 

34 Zinc-Iron Method.-^fficial. 

Dissolve 10 grams of the sample in water and dilute to 500 cc. Place 25 cc. of this 
solution, corresponding to 0.5 gram of the substance, in a 400 cc. distillation flask, add 
120 cc. of water, 5 grams of well-washed and dried zinc dust and 5 grams of reduced 
iron. To the solution add 80 cc. of saturated sodium hydroxid solution, connect the 
flask with the condensing apparatus and conduct the distillation simultaneously with 
the reduction, coflecting the ammonia in standard acid. Continue the distillation until 
100 cc. have been distifled and titrate with standard alkali, using cochineal or methyl 
red solution as indicator. 

HRmoom m iotkats salts. 

35 Ferrous Sulphaie-Zinc-Soda Method.— Official. 

Place 0.6 gram of the nitrate salt in a 600-700 cc. flask, add 200 cc. of water, 6 grams 
of powdered zinc, 1-2 grams of ferrous sulphate and 60 oc. of sodiom hydroxid «^- 
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tian (36'' Baumi). ConiMct with the dkUffing anpmtiw, dirtii, collect the distilUrte 
in the ueusl way in N/IOairiphurieacid an4 titrate with elandard alkali, using cocUiieal 
or methyl red •ohition as iadicBflor. 

VATBlt-IllSOLUBU OBOANIC IHTROOBN SOLUBLE IN HBUTBAL 

FBBMANOANATB.— OVnCUL. 

34 Preliminary Tut (Ddermination qf Waier^InBoUtble Organic Niirogen). 



Place 1 gram of the material on an 11 cm. filter paper and wash with water at room 
temperature until the filtrate measures 250 ce. Dry and determine nitrogen in the 
residue as in 18 or 21, making a correction for the nitrogen of the filter, if necessary. 
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DBTEIIinNATION. 



Place a ^piantity of the fertlliaer, equivalent to 60 mg. of water-insoluhle oiigaMo 
nitrogen as determined in 36, on a moistened 11 oas. filter paper and wash with water 
at room temperature until the filtoate measures 250 oc IVansfer the insoluhle residue 
with 25 cc. of tepid water to a 300 cc. Griffin low4onn heaker, add 1 gram of aodium 
caiiMmate, mix and add 100 oc. of 2 per cent permanganate sohition. Cover with a 
watch glass and immerse for 30 minutes in a steam or hot water bath so that the level 
of the liquid in the beaker is below that of the water in the bath. Stir twice at intervals 
of to minutes. At the end of the digestion remove ffom the bath, add immediately 
100 cc. of cold water and filter through a heavy 15 cm. folded filter. Wash with 
small quantities of cold water until the filtrate measures about 400 oc. Determine 
nitrogen in the residue and filter, as in 18 or 21, ooirecting fcr the nitrogen contained 
in the latter. Hie nitrogen thus obtained is the inactive water-insolubie organic 
nitrogen. Subtract this result firom that obtained in 86 to obtain the water-inaolnble 
organic nitrogen soluble in neutral permanganate. 

WATBB-nrSOLUBLB OBOAmC HITBOOBH DI8TIULBD IBOM ALXAUNB 

PBBlfAH0ANATB.->OVnCIAL. 

38 pBBFwoiAnoN or samplb. 

(a) Mixed fertilizers. — ^Place an amount of material, equivalent to 50 mg. of water- 
insoluble organic nitrogen determined as directed under 36, on a filter paper and wash 
with water at room temperature until the filtrate measures 250 cc. 

(b) Raw materials. — Place an amount of material equivalent to 50 mg. of water- 
insoluble organic nitrogen, determined as directed under 36, in a small mortar, add 
about 2 grams of powdered rock phosphate, mix thoroughly, transfer to a filter paper 
and wash with water at room temperature uotfl the filtrate measures 250 cc. When 
much oil or fat is present, it is well to wash with ether before extracting with water. 

39 DBTBlUfmAIIQN. 

Dry the residue remaining after treatment of the material as described under 
38 at a temperature not exceeding 80^C. and transfer from the filter to a 
500-^00 cc. Rjaldahl diatfilation fUk. Add 20 oc. of water, 15-20 saaaD glass 
beads, or fragmentB of pumice stone, a piece of paraftn the size of a pea and 100 
oc. of alkaline permanganate sohition (25 grams of pure potassium permanganate 
and 150 grams of sodium hydroxid, separately dissolved in water, the solutions 
cooled, mixed» and made to a volume of 1 Kter). Gonneoi with an upright ooodenser 
to the lower end of which a receiver containing standard add has been attached. Digest 
slowly, for at least 30 minntes, below distillation point, with a very horn flame, using 
coarae wire gauie and asbestos paper between the flask and flane. Gradually raise the 
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teipcr a f i ure and, after any danger from froUung baa paaaad, distil until 96 cc. of the 
distillate are obtttuned, and titraio as uauaL When a tendeney to froth is noticed, 
lengthen the digestion period and no trouble will be eaqfWHsnced sihaii the distjialinn 
is begun. During the digestion gently rotate the flask occaaionaUy, particularly if the 
material shows a tendency to adhere to the sides. The nitrogen thus obtained is the 
active water-insoluble organic nitrogen. 

POTASB. 
LimUhaaddinQ Method.— OffieM. 

40 heaoentb. 

(a) Ammonium chlorid solulion. — Dissolve 100 grains of ammonium chlorid in 500 oc«. 
of water, add 5-10 grains of pulverized potassium platinic chlorid and shake at inter- 
vals for 6^ hours. Allow tha mixture to setlfe ovemigfat and liter. The imdne may 
be «ised for the prsparattsa off a fresh sapply. 

(b) Pkdinum tokUian, — A pkrtinic chlorid solution containing the equivalent of 
1 gran of metallic platinuin (1.1 grams of HiPtCl*) In every 10 cc. 

(C) 80 per cent ofco^.— Sp. gr. 0.85§3 at 20*C. 

41 mrBPA'RAVioN or soumoN. 

(a) Mued JeriUiMer^. — Place 2.5 grams of the sample upon a 12.^ cm« filter paper 
and wash into a 250 oq. gnuhpted flask wiULflttccetsive sniaU portions of boiling water 
until the filtrate amowits to about 200 cc. . Add to the hot solution a slight escess of 
ammonium hydroxid and auffictot ammonium oxalate te precipitate all the lime preseat* 
ccx)l, dilute to 250 cc., mix, and pass through a dry filter. 

(b) Potash mUb; muriate and sulphate of potash, sulphate of potash and magnesia, and 
kainit. — Dlssolv^ ^.5 grams and dihite to 250 cc. witfkout the addition of ammonium 
hydroxid and ammonium oxalate. 

(C) Organic compounds, — When It Is desired to determine the total amount of potaflh 
ip organic substances, such as cottonseed meal, tobacco sten^, etc., saturate 10 grams 
of the sample with strong sulphuric acid and ignite in a muffle at a low red heat to 
aestroy organic matter. Add a little strong hydrochloric acid, warm slightly in order to 
loosen the mass from the dish, transfer to a 500 cc. graduated flask, add ammonium 
hydroxid and ammonium oxalate, coot, dUute to 500 cc., mix, pass through a dry filter 
and proceed as directed under 42 (a). 

(d) Ashes from wood, cotton hulls, etc, — Boil 10 grams of the sample with 300 cc. of 
water for 30 minutes, add to the hot solution a slight excess of ammonium hydroxid 
and then sufficient ammonium oxalate to precipitate all the lime present. Cool, dilute 
to 500 cc., mix and pass through a dry filter. 



42 



DETERMINATION. 



(a) Mixed ftrtilizers. — Evaporate a 50 cc. aUifuDt of the seiution 41 (a) nearly to 
dryness, add 1 ce^ of dilute sulphuric acid (I to 1), evaporate to dryness and ignitn tv 
whiteneaa. Maintain a full red heat until the residue is perfsclly white. Dissolv* the 
residue in hot water, using at least 20 cc. for each decigram of potassium o»d presant, 
add a few drops of hydsoehloric add and platinum solution in exoess. Evaponrte on 
a water bath to a thiek paste. Treat the residue with 80 per cent alcohol, avoidkig 
exposure to ammooia. Filtor, wash the precipitate thoroughly with 80 per cent aloohol 
both by decantatioD and on the filter, continuiiig the washing after the filtrate is colorless. 
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Then wash with 10 oc. of th* m— panini^<hh)rid soHiliMi te vtnove impurities from th4 
precipitate and repeat 5 or 6 times. Wash again thoroughly with 80 per cent aloobol 
and dry the precipitate for 30 minutes at lOC'C. Weigh and calculate to potassium 
oxid. The precipitate should he pqrfe c# y wiwhto im wm^. 

(b) Muriate of poUuh. — ^Acidify 50 cc. of the solution prepared according to 41 (b) 
with a few drops of hydrochloric acid, add 10 cc. of platinum solution and evaporate 
to a thic^ paste. Treat the residue as directed ionder (ft). 

(C) StdphaM pf poimht goi^hmte €f pottuh and ma§ne»ia; <mi kainU, — ^Acidify 00 cc. 
of the floiulioB ptsiiafed according to 41<b> with a fsw idrop* fxf hyApochlorlo add 
and add 15 cc. of platinum solution. Evaporate the mixftnreafld pvooeed at dirsoted 
under (a), except that 25 cc. portions of the anunooium chlorid solution should be used, 

(d) Wt^-iiofubhjfQMi in athetjfwi vmd^ coMon huXUt eie, — Plrepare the 8^lv>n 
aocordinf to 41 (4) and proceed as directed under (A), paying special attention tp. 
the last sen t ence . . 

For t^e oonveiiBio* o| potaifsium platinic ^^hloiid to potas^um chlorid use tjiie ffictor 
0.3067; to potassium sulphate, 0.35^; to potassium QX^d, 0.1938L 

AUmmUm Mdtad.-'-QfiM. 

CnM LhMkHGItridftig nwthod is pvef^able i» Ike presence of soMrfe sIdplMlBs.) 

".I 

Described under 40. 

44 PREPABATION Of SOLUTION. 

Prepare the solution as directed under 41, omittinjg: in all cases the addition oC 
ammonium hydroxid and ammonium oxalate. 

45 DBrEMUtfAMQIf. 

D9ute'25 cc. 6f the sohition made as directed under 44 (50 cc. if Iese( than 10% of 
potasshun oxid be pvesebt)' to 150 cc., heat to lOO^C, and add, drop by dtop, with 
constant stirring, a sfigfat excess of barium chlorid solutioik. Without filtering, add' 
in the same manner barium hydroxid solution in sfight excess. Filter while hot and 
wash until the precipitate is free from chlorids. Add' to the filtrate I cc. of strong 
ammonium hydroxid, and then a saturated solntioa of ammonium carbonate until thf 
excess of barium is precipitated. Heat and add, in fine powder, 0.5 gram of pure oxalic 
acid or 0.75 gram of ammonium oxalate. Filter, wash free from chlorids, evaporate 
the filtrate to dryness in a platinum dish and ignite carefully over the free flame, below 
a red heat, until all volatile mattte is driven off. Digest the residue with hot water, 
filter through a smafl After and dlhite the filtrate, if necessary, so that for each decigram 
of potassium oxid there will be at least 20 cc. of liquid. Acidify with a few drops of 
hydktxdiloric add and add pteUnum solution in excess. Evaporate on a water bath to 
a itodk paste and treat the residue with 80 per cent alcohol, both by deeantation and 
after collecting on a Gooch or other form of fflter, dry for 30 minuted at lOO^C. and 
weigh. If there is an appearance of foreign matter im the double salt, it should h# 
washed as in 42 (a) with severed portions of 10 cc. each of the ammonium chlorid 
solution. 

THOliAS OR BASIC SLAG. 

46 MBCHAiaCAL ANALYSIS.— OVnCUL. 

Proceed as directed under 1, using 10 grams of material. 
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47 nuvAEATioir op 

Prepare the sample as directed under 2. 

TOTAL FflDVHOBlC ACID. 

Gratimetrie Mdhod. — Offkial. 

48 PRBPABATION OT SOLUTION. 

Prepare the solution lor analysis as directed under 5 (^, or in slitMig hydvechloric 



aoid alone. In the lattar oasa after tha poftion for amdyais is maasHMd ont, add nitric 
acid and heai for a few minvtBa. 

49 DBmnmNATioif. 

Dehydrate an aliquot (20 oc.) of the sohition obtained as directed under 48 by evap- 
orating to dryness on a steam or hot water bath; treat with 5 cc. of hydrocliioric acid 
and 25 cc. of hot water; digest in order to complete solution and filter off slUca. Worn 
this pcMttt proceed as directed under 6. Before precipitating with magnesia miicture, 
add 6 cc. of 5 per cent sodium acetate solution. 

50 Kafamefric JMMod.— Q^ni/. 

Prsparo the aolution aa direottd ander 5 (g> and detenune tha p4tosphorie add in 
an aliquot of this solution as directed under 9, standardizing the solutions against a 
standard phosphate material of approximately the same composition as the samfda 
under examination. 

CmATV-aOLUBLB PH08PH0UC ACID. 

Grmimetrie Method, — TtnUUixe* 

51 PREPARATION OT SOLUTION. 

Weigh 5 grams of the slag into a 500 cc. Wagner flask containing 5 cc. of 95 per cent 
alcohol. (The flask should have a neck width of at least 22 mm. and should be marked 
at least 8 cm. below the mouth.) Make up to the mark with 2 per cent citric add solu- 
tion of a temperature of 17.5''C. Fit the flask with a rubber stopper and place at once 
in a rotary apparatus, shaking the flask for 30 minutes at the rate of 30-^0 revolutions 
per minute, at the end of which time remove the flask, filter immediately on a dry filter 
and analyze the solution at once. 

52 DBTERiaNATION. 

To 50 cc. of the dear filtrate in a beaker add 100 cc. of molybdate solution prepared 
as directed under 4 (ft). Place the beaker in a water bath, until the temperature of 
the contents reaches 65**C., remove from the bath and cool to room temperature. 
Filter and wash the yellow precipitate of ammonium pho^homolybdate 4 or 5 times 
with 1 per cent nitric add. Dissolve the predpitate in 100 cc. of cold 2 per cent 
ammonium hydroxid, nearly neutrcdize with hydrochloric add and add to the solution, 
drop by drop, with ■ continuous stirring, 15 oc. of magnesia mixture prepared as 
directed under 4 (C), and proceed as under 6. 

53 Voiameirw Method— TenUdhe. 

In an aliquot of the clear solution, prepared as in 51, determine the phosphoric acid 
as directed under 9. 



n. INORGANIC PLANT CONSTITUENTS. 
1 prxpaeahon op saiiplb.— omciAL. 

Thoroughly deanse the xaaterial from all Coreigo matter, especially from adhering 
floiL air-dry, grind, and preserve the sample in tightly stoppered bottles. 

2 SSXPARAIIOlf OF ASH.— OfllCIAL. 

Ignite 10-20 grams of the subatanoe, in a flat-bottomed platinum dish in a muffle, 
at a comparatively low temperature. Do not employ a full red heat because of the 
danger efvoktiilBivalMicUoiMs, etc. If fnbin«]icaMdalluJiw,chartheaiiilenal, 
mat wHh water to diaaokve aaldUe saHa, fihsr tfaraiigh an mUcbs fiHer, dry the 
filler and indMnite, add the tttaate to the ineiMraled fesidws, evaporate to 
d ry n ess and ignite at a low red heat. If rich in phospiurtes, «. f ., seeds and animal 
subalaBoea, char the material, dissolve aolld>le salts in dilute noetic aoid« filler throng 
an aahlssn filter, wash with water, dry and hicinerate the filter and residue, add the 
filtrates to the incinerated residue, evaporate to dryness sad ignite gently. While still 
warm, pulverise the whole ash as obtained above, mix mtimaAsly and p reserv e in a 
tightly stoppered, dry boiUe. If after incineration the aah has lAnoriied mniaiTB, 
dry thoroughly at low redness bclbro bottling. 

3 CARBON DlOZm.— OFFiaAL. 

Dsfterauneeafhondioodd in a weighed portion of the ash as prepared under2. liberate 
the carbon dioodd by treataaent with dilute hydrochloric acid in any of the usual forms 
of apparatus, and determine the increase in weight of the potash bulbs. The efficiency 
of the apparatus should he tested fay blank determinations oondooted upon weired 
portions of pore oafeite. 

4 CASB09, 8AHD AHD 8IUCA.-~OFnCIAL. 

Transfer the residue from the carbon dkndd determination to a beaker or evaporating 
dish; evaporate todryneas; pohreriae and dry thorongfaiy to render the silica insoluble. 
Moisten lAie dry residue wiUi 6-10 cc. of hydrochloric aoid, add about 50 oo. of water, 
allow to stand on a water bath lor a few minutes, filter through a hardened filter and 
wash thoroughly. Dilute the solulaon and washings to 260 oc. or other oonvenlent 
vohuna. Designate as A. 

Wash the residue from the filter into a platinum dish and boil for about 6 minutes 
with approximately 30 co. of a saturated s<4ution of pura sodium carbonate, add a 
few drops of pare sadami hydroxid solution, allow the solution to settle and decant 
throagfa a tared Qooch filter. Boil tin residue in the dish with sodhun carbonate 
solution and decant as befora. Repeat the process again, then transfer the residue to 
the Gooch fihar, wash thoroughly, first with hot water, then witJb a little dilute hydro- 
chlorfte add, and finally with hot water until free horn cfalorids. Dry the filter and 
contents taoosniant weight at llO^C. to determine the nombined weight of carbonaceous 
'mateiial and sand. Incinerate; the loss in weight reprssents the carboaaceoos material; 
the residue is sand. Confirm by microscopic examination. Detemdne the soluble 
siliea as isifews: (1) Combine the alkafiae filtrate and washii^s, acidify with hydro- 
chlorio acid, evaporate to ckyneas and determine the silica ia the usual way; or, (2) 
Treat a a ughid portion of the ash, as prepared under 2, with dilute hydrochlorio add. 
Evaporate to dryness; pulveriw and dry thoronghly to render the silica insokible. 
Moisten the dry residue with 6-10 oc. of hydrochloric add, add about 60 oc. of water, 

16 
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allow to stand on the water bath for a few minutes, Blt&r on an ashless filter, wash, 
dry, ignite and weigh to determine the combined weight of the silica and sand. Deduct 
the weight of the sand found above to obtain that of the silica. The soluble silica 
can not be separated horn the residue after ignition. 

5 CARBON-VRXB ASA-^tttClAL. 

Subtract the weights of the carbon found in 4 and the carbon dioxSd found in 3 
from that of the total ash used in 3. 

6 FKMtlC AHD ALimXHnTM OtlM.-OntCZAL. 

(Applicable for plant materials othier than seeds.) 

P ipet4 e an aUquoi of A, under 4, conss|iondiBg to US gnm of aik iirto a 860 oo. 
beaker. If ferrous iion is pmeat, twidiss it by bniiing «ilk a Isw oe. of hydsags n 
peroxid or of oeMoentrated mlric acid. Gool« a4d iistaiKiImn fcrydwndd ulifttt a |iie- 
dpitale begias to fann^ then aitric acid until just clear, and finally d-9 co. «f 
Iratod nitxio acid in eoooess. Add 26 co. of 60 par cant 
ffeboillhate irse, beat to 40^C., and add ab«rly, wHJi soMtaat sbaki^, a 
awess of molyUata aoAution (1, 4 (a)i, and attow to stand for 1-2 ha«n at a 
pera ti ins nail nanoading 40^C. After itntMiing tar an hour idpette 5 ce. of the dear 
solHtaon into an aqnal vnhuns of wnm naolybdate sdiution. if a precipttnto fohns 
in the test portion return it to the original solution and add mom molyhdato solution. 
Allow to stand at room temperature for several hours, pref^nably overnight. Filter, 
wash with about 75 cc. of ammonium nitrate solution (2.5%, phosphate free, and 
sligMy addified with nitric acid) and ooadnne the filtrate and washiags* Dedgaate 
as B, Reserve the predpitote for the detmainntion of phosphoric aoid as de sc ri bed 
under 11. 

Without conoaatniting sohition B, eautiouily niealnilise #ilh artwanninw hydroxld, 
add a very slight excess of the alkali, avoiding a temperature Ughar than 40^Cm and 
allow to stand at this temperature until the precipitate completely settles. FUter the 
dear supernatant liquid, wash the predpitate a few times by decantation with hot 
water before transferring to the filter, then wash 4 or 6 tiaws on the filter. Dissolve 
the predpitate on the filter with hot nitric add (1 to 5), wash and rt|^ffec%iitate as before. 
The combined filtrates and washings from the first and asoond precipitatkxis should 
not evoeed 600 co. and should not be concentrated by evaporation. Designate as C 
and reserve Cor the determination of caldum and magnesium as desotthad nnder 8. 
The same filter may be used for the second filtration, and the volunie of the solution 
for the reptedpitation need not exceed 100 oc. Before the second filtndioa is made, 
a sasall quantity of ashless filter paper palp should be added in<vder to fadlitate 
washing Mid leave the precipitate findy divided after igniHan, so that it can be 
easily fused with potassinm hydrogen sulphate for Itie iron dstemdnation. Dry and 
ignite the predpitate and weigh as ferric and alumidium onds. 

Determine the iron ond in tlie following manner: Fuse, in a plstinum crudhls, 
the ignited predpitate with about 4 grams of fused potassuim hydsagen aulphate. 
This fusion takes but a few oMnntes and mast not be conUnuad iMyond tlw tiniB actttaHy 
needed. When complete set the onidhle aside and sllow to codL 4dd 6 oc» af con-' 
centtated sulpfaunc add and heat until copious fumes of sulphuric add are givan off. 
Cool, transfer to a flask, add water and digest till the sohition is dear. Raduoe with 
adnc, cool, titcate witli N/50 potasdum peraMmgaaato and cafcukte to ferric axid. 

If it IS desired to use a larger amount of the sample for the iron du t u w u inataoa, 
evaporate a suitable sliquot of A, under 4, with sulphuric add, rsduSe «ith jdno and 
titrate as above. 
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teAMOAmsE, cALcnrM AiiD luaiiBinjii. 

7 Method L-OSkid. 

(ApplicdMe for plant materials other than seeds.) 

Manganese, — ^To an aliquot of A, under 4, oorvespMNiMHig to 0.^2 grama oC ash, add 
a <iuantity €»f pure ferric cUorid solution, more than sufficient to combine irith the 
phosphoric acid which may be present, and neutralize with ammonium hydroxid. Dis- 
solve the precipitate in a very slight excess of hydrochloric acid and add 1-2 grams of 
sodium acetate. Boil for 1-2 miamtes, flllsr at Mice, and wash with boiling water. 
Dissolve the precipitate in hydrochloric add and mpredpitate as above. Concentrate 
the combined filtrates and washings to about 50 cc., cool, add bromin water until the 
sohition is oolored, make a&aifaie with ammonium hydroxid, and heat to bolfing hi a 
covered beaker; cool, and repeat the addition of bromib water, of ammonium hydroxid 
and boil again. If a precipitate is obtained, slightly acidify the solution with ac#ic 
acid, filter immediately, and wash with hot water. Dry the precipitate, ignite and 
wei|^ as manganomangank oxid (MntOO. 

Caieium. — Concentrate the filtrate and washings from the manganese determination 
to about 50 cc., make slightly alkaline with ammoslum hydroxid, and add, while Ail 
hot, ammonium oxalate solution, <(rop by drop, slightly in excess of complete preqpita- 
tion, to convert the magnesium also into oxalate. Heat to boiling, allow the precipitate 
to settle completely, decant the clear solution on a filter, pour 15-^ cc. of hot water on 
the precipitate, and again decant the clear solution on the filter. Dissolve the precipi- 
tate in the beaker with a few drops of hydrochloric acid, add a Uttle water, repeat the 
precipitation as above, and filter through the same filter; transfer the precipitate to 
the filter and wash free from chlorids with hot water; dry, ignite the precipitate over 
the blast lamp to constant weight, and we^h a^ calcium oxid. 

Magnesium. — Evaporate the combined filtrates and washings from the calcium 
determination to dryness on a water bath and heat carefully to expel ammonium 
salts. Treat the residue with 20-25 cc. of hot water and about 5. cc. of hydrochloric 
add, filter and wash. Concentrate to about 50 cc., cool, and add sufficient disodium 
hydrogen phosphate solution to predpitate the magnesium; then add gradually am- 
monium hydroxid, with constant stirring, until the solution is distinctly alkaline. 
Determine if the predfMtation'ls complete by t!be addition of more of the disodium 
hydrogen phosphate solution. After 90 mhiutas, add gradually 10 cc. of strong am- 
monium hydroxid, cover to prevent the escape of ammonia and let stand in the 
cold. Filter after 12 hours, wash the precipitate free from chlorids, using dilute am- 
monium hydroxid [I, 4 C<I)], dry, bum, first at a moderate heat, and then ignite 
intensely and weigh as magnesium pyrophosphate (MgtPtO?). 

% MeihfdU.^TenitiHm, 

(Appficable for plant materials other than seeds.) 

Cmlcmm. — ^Make aftaliiie with amiKMiium hydvoxid the avabiaed filiates, and wash- 
inga, C, midei 6« aiMi ivooeed at diieotad under 7 Cakiunif exoept thaii the aohiitioii is 
not to be coMpealralad. If the tgnitad cakaum oodd km a biown colocaiion, due to 
manganese, dissolve In dilute hy^rooWoric aoid and datqnnine the maagnnnsp aa dareoUMl 
below. Deduct the weight of maaganomaagamo oisid iJmis> obtaJund fcom the weight 
of the iiBpuKe oaldum oodd. 

Manganese. — Aeidffy the combined filtrates and washings f ra m the €alei«R determin*- 
tion and ev a porate to dryness in a porcelain casserole, fixpal the ammonium Mis 
by carefntty heating the casserole from above, treat ii<tk a few oc. of hydrocMoric 
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acid and water, filter off BMlybdie aoki acid wash tbe proiipilate until it is free from 
chloridB. Bring the filtrate to a volume of 100 cc., add 1 <^ 2 drops of bromin, make 
alkaline with ammonium hydroxid and let stand for several minutes without agitation. 
Filter off the precipitated manganese, wash, dry, ignite and weigh the precipitate as 
manganomanganic oxid. To this add the weight of the manganomanganic oxid found 
as an imptuily in the caldum determination. 

Magnesium. — Concentrate the alkaline flhrate from the manganese determination 
to 75 oc. and determine magnesium as directed under 7, Mo^nef ittm. 



9 Method I.—Qffkial. 

Detennine phosphoric add in an aliquot of A, under 4, con-espooding to 0.2-1 
gram of ash, as directed under I, 6 or 9. 

19 Method IL--Qffkial, 

Determine phosphoric acid in the plant suhetanoe as directed under I, 6, using 
sufficient material to give 0.2-1 gram of ash in the aliquot of the solution employed. 

11 Method in. -Offieud. 

The phosphomolybdate precipitate obtained in 6 is used for the determination of 
phosphoric acid as directed under I, 6, beginning with "Dissolve the predpitate on 
the filter with anunonium hydroxid, etc.** or as under I, 9 (a), beginning with "wash 
with cold water until the filtrate from 2 fillings of the filter yields a pink color, etc.** 

12 sutPHOBic Acn>.— omcuL. 

Heat to boiling an aliquot of A, under 4, corresponding to 0.5-1 gram of ash, add 
barium chlorid solution in small quantities until no further predpitate is formed. Con- 
tinue the boiling for about 5 minutes and allow to stand for 5 hours or longer in a 
warm place. Decant the liquid on an ashless filter or tared Gooch, previously heated, 
treat the precipitate with 15-20 cc. of boiling water, transfer to the filter and wash 
free from chlorids with boiling water. Dry the predpitate and filter, ignite and weigh 
as barium sulphate. 

SODIUM AMD POTASSIUM. 

13 Method I.— Official. 

(1) To the combined filtrate and washings from the sulphuric add determination 
add ammonium hydroxid, drop by drop, until the predpitate formed requires several 
seconds to dissolve, thus leaving the solution but faintly add. Heat nearly to the 
boiling point, and add ammonium hydroxid to predpitate all of the iron, aluminium, 
etc. Boil in a covered beaker for about 1 minute, remove, and if no ammonia is given 
off (detected by smelling) continue the addition, drop by drop, until ammonia can be 
detected. Do not allow the precipitate to settle, but stir and pour on the filter. Wash 
immediately with hot water, using a fine Jet which is played araund the edge of the 
precipitate, thus cutting it finee from the paper in order to p t odpe e rapid filtration. 
Wash the precipitate several times, return it to the original beaker, dissolve with a 
few drops of hydrochkiric add and warm. Repredpitate the iron, aluminium and 
phosphoric add with ammoidum hydroidd as directed above, filter and wash un^ 
free from chlorids. Evaporate the combined filtrates and washings to dryness, heat 
below redness until ammonium salts are expelled, dissolve in hot water, add 5 cc of 
barium hydroxid solution and heat to boilii^; let settle for a few minutes and determine 
if the precipitation is complete by the additaon of barium hydroxid solution to a little 
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of the clear liquid. When no further precipitate is produced, filter and wash thoroughly 
with hot water. Heat the filtrate to boiling, add ammonium hydroxid and ammonium 
carbonate to complete the precipitation of the barium, calcium, etc., let stand a short 
time on the water bath, filter and wash the precipitate thoroughly with hot water; 
evaporate the filtrate and washings to dryness, expel ammonium salts by heating below 
redness, treat with a little hot water, add a few drops of ammonium hydroxid, 1 or 2 
drops of ammonium carbonate and a few drops of ammonium oxalate; let stand a few 
minutes on the water bath, set aside for a few hours, filter, evaporate to complete dry- 
ness on the water bath and heat to dull redness until all ammonium salts are expelled 
and the residue is nearly or quite white. Dissolve in a minimum amount of water, 
filter into a tared platinum dish, add a few drops of hydrochloric acid, evaporate to 
dryness on the water bath, heat to dull redness, cool in a desiccator and weigh as 
potassium and sodium chlorids. Repeat the heating until constant weight is obtained. 
Dissolve in a small amount of water; if any residue remains, the separation must be 
repeated until the residue of potassium and sodium chlorids is entirely soluble. Dissolve 
the residue with water, add an excess of platinum solution [I, 40 (b)], proceed as 
directed under I, 45; or, (2) Instead of the foregoing, evaporate to dryness a fresh 
aliquot of A, under 4, redissolve in water, treat directly with barium hydroxid solution 
and from this point proceed as directed above in (1). 

14 Meihod II.—Qjffkial. 

Proceed as in 13 through 'iet stand a short time on the water bath" (the point at 
which the barium, calcium, etc., have been precipitated with ammonium hydroxid and 
ammonium carbonate) and then proceed as follows: 

Filter into a beaker, add 1 or 2 drops of hydrochloric acid and 1 cc. of ammonium 
sulphate (75 grams to 1 liter), digest several hours on a water bath, and filter into a 
tared platinum dish. Evaporate to dryness, heat to full redness, add 1 gram of powdered 
ammonium carbonate; heat to expel excess of ammonium carbonate, cool and weigh 
the sulphates of sodium and potassium. Determine potassium as directed under 

I. 42 (a). 

CHLORIN. 

15 Gratimelric Meihod. — Official. 

Dissolve a weighed portion of the asli, prepared under 2, in dilute nitric acid (1 to 10), 
filter, wash with hot water and determine chlorin in the combined filtrate and washings 
as directed under I, 16 (£1). 

Volumetric Method}. — Official. 
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REAGENTS. 



(a) N/IO silver nitrate. 

(b) 7V/10 ammonium or potassium Ihiocyanaie. 

(C) Ferric indicator. — Saturated solution of ferric alum. 

(d) Nitric acid. — Free from lower oxids of nitrogen, secured by diluting the usual 
pure add with about } part of water, and boiling till perfectly colorless. 

17 DETERMINATION. 

Dissolve a weighed portion of the ash, prepared under 2, in dilute nitric acid (1 to 
10), filter and wash with water. Add a known volume of the N/10 silver nitrate in 
slight excess to the combined filtrate and washings. Stir well, filter and wash the 
silver chlorid precipitate thoroughly. To the filtrate and washings add 5 cc. of the 
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ferric indicator and a few cc. of the nitric acid. Titrate the excess of silver with the 
N/IO thiocyanate until a permanent light brown color appears. Calculate the 
amount of chlorin. 

IS POTASSIUM IN PLANTS.— OFnCIAL. 

Determine potassium as directed under I, 41 (C), using sufficient plant material to 
yield 0.5-1 gram of ash in the aliquot of the solution used for the potassium determina- 
tion. 

19 SULPHUR IN PLANTS.— OFFICIAL. 

Place 1.5-2.5 grams of material in a nickel crucible of about 100 cc. capacity and 
add 5 grams of pure anhydrous sodium carbonate. Mix thoroughly, using a nickel qr 
platinum rod, and moisten with approximately 2 cc. of water. Add pure sodium 
peroxid, approximately 0.5 gram at a time, thoroughly mixing the charge after each 
addition. Continue adding the peroxid until the mixture becomes nearly dry and 
quite granular, requiring usually about 5 grams of peroxid. Place the crucible over 
a low alcohol or other sulphur-free flame and heat carefully with occasional stirrin^i^ 
until the contents are fused. (Should the material ignite, the determination is worth- 
less.) After fusion remove the crucible, allow to cool somewhat and cover the hardened 
mass with peroxid to a depth of about 0.5 cm. Heat gradually, and finally with full 
flame until fusion again takes place, rotating the crucible from time to time in order 
to bring any particles adhering to the sides into contact with the oxidizing material. 
Continue the heating for 10 minutes after fusion is complete. Cool somewhat, place 
the warm crucible and contents in a 600 cc. beaker and carefuUy add about 100 cc. of 
water. After the initial violent action has ceased, wash the material out of the crucible, 
make slightly acid with hydrochloric acid (adding small portions at a time), transfer 
to a 500 cc. flask, cool and make to volume. Filter, and determine sulphates in 200 cc. 
of the filtrate as directed under 12. 

20 CHLORIN IN PLANTS.— OFFICIAL. 

Moisten 5 grams of the substance in a platinum dish with 20 cc. of a 5 per cent 
solution of sodium carbonate, evaporate to dryness and ignite as thoroughly as 
possible at a temperature not exceeding dull redness. Elxtract with hot water, 
filter and wash. Return the residue to the platinum dish and ignite to an ash; dis- 
solve in nitric acid, add this solution to the water extract and determine chlorin as 
directed under 17. 

BIBLIOGRAPHY. 

* Sutton. Systematic Handbook of Volumetric Analysis. 10th ed., 1911, p. 145. 



in. WATERS. 

POTABLE WATER. 
TURBmiTT.— OFFICIAL. 

1 REAGENTS. 

Ca) Standard twhidity solution. — ^Weigh out 1 gram of elutriated fuller's earth 
previously dried and sifted through a 200 mesh sieve. Make up to 1 liter with 
water. If the fuller's earth is of good quality and the proper degree of fineness, this 
stock solution has a turbidity of 1000. Check the stock solution with a Jackson 
turbidimeter. 

(b) Turbidity standards. — Prepared by dilution of (a). 

2 DETERMINATION. 

Determine the turbidity of the sample with a Jackson turbidimeter equipped with 
either candle or electric light. If the turbidity is less than 100, which prohibits the 
use of the turbidimeter, determine by direct comparison with turbidity standards 
contained in bottles of clear white glass. 

COLOR.— OFFICIAL. 

3 REAGENTS. 

(a) Standard color solution. — Dissolve 1.246 grams of potassium platinic chlorid 
(PtCl42KC]), containing 0.5 gram of platinum, and 1 gram of crystallized cobalt chlorid 
(C0CI16H2O), containing 0.25 gram of cobalt in a small quantity of water, add 100 cc. 
of concentrated hydrochloric acid and make up to 1 liter with water. This stock 
solution has a color of 500. 

(b) Color standards. — Prepared by dilution of (a). 

4 DETERMINATION. 

Compare the color of the sample, freed from suspended matter, with color standards 
in tubes of dear white glass. 

5 ODOR.— OFFICIAL. 

Shake the vessel containing the sample and note the odor. Heat a portion of the 
sample just to boiling and note the odor. 

6 TOTAL SOLIDS.— OFnCIAL. 

Thoroughly shake the vessel containing the sample and pipette 100 cc. of the un- 
filtered water into a weighed platinum dish. If the sample contains much suspended 
matter, shake, pour rapidly into a 100 oc. measuring cylinder and transfer without 
delay to a weighed platinum dish; evaporate to dryness and heat to constant weight 
at 105^C. In the case of highly mineralized waters it is advisable to weigh again 
after drying at ISC'C. 

7 SOUDS IN SOLUTION.— OFFICIAL. 

Allow the sample to stand until all sediment has settled and filter if necessary to 
secure a perfectly dear liquid. Occasionally a dear filtrate can be obtained only by 
the use of alumina cream but this should be avoided if possible. Evaporate 100- 

21 
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250 cc. to dryness in a weighed platinum dish. Heat to constant weight at 105^C. 
In the case of highly mineralized waters it is advisable to weigh again after drying 
at 180**C. 

8 SUSPElf DBD MATTBR.— OFnCUL. 

(1) The difference between the values for total solids and solids in solution represents 
the suspended matter; or, (2) determine the suspended matter directly by filtering 
a suitable quantity of the water through a tared Gooch crucible, suitably prepared, 
and weighing after drying at lOS'^C. 

9 IGinTBD RBSIDUS.— OFHCIAL. 

Ignite the residue from 6 at a low red heat until the ash is white or nearly so. Note 
any odor or change in color produced during ignition. Record the wdght of the 
ignited residue and calculate the loss on ignition. 

FRBB AND ALBUMINOID AMMONIA.— OFFICIAL. 

10 REAGENTS. 

(a) Saturated soluiion of sodium carbonate. 

(b) Ammonia-free toater. 

(C) Standard ammonium chlorid solution. — One cc. is equivalent to 0.01 mg. of 
nitrogen in the form of ammonia (NHs). 

(d) Nessler reagent. — Dissolve 50 grams of potassium iodid in a minimum quantity 
of cold water. Add a saturated solution of mercuric chlorid until a slight permanent 
precipitate is formed. Add 400 cc. of a solution containing 200 grams of potassium 
hydroxid (or an equivalent quantity of sodium hydroxid), dilute to I liter, edlow to 
settle and decant. 

(e) Alkaline potassium permanganate solution. — Dissolve 200 grams of potassium 
hydroxid and 8 grams of potassium permanganate in water and dilute to 1 liter. 
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DETERMINATION. 



Connect a flask of about 1500 cc. capacity with an upright bulb condenser by means 
of a rather large glass tube and a soft rubber stopper or a recently extracted cork 
stopper. Place in the flask 5 cc. of the ^turated solution of sodium carbonate and 
500 cc. of ammonia-free water. Distil into 50 cc. Nessler tubes until no further traces 
of ammonia are indicated on the addition of 2 cc. of the Nessler reagent to 50 cc. of 
the distillate. Continue the distillation until the volume of the solution in the flask 
has been reduced to about 200 cc. Cool slightly, add 500 cc. of the water under examina- 
tion, and distil, at the rate of 1 tubeful in 15 minutes, into 50 cc. Nessler tubes until 
ammonia ceases to be given off (4 or 5 tubes are usually sufficient). Add 2 cc. of the 
Nessler reagent to each tube and let stand 10 minutes. Freshly prepare in a similar 
manner other tubes containing known amounts of the standard ammonium chlorid, 
made up to 50 cc. with ammonia-free water and compare the nesslerized distillates 
with these. Report as milligrams per liter of nitrogen in the form of free ammonia 
(NHs). Cool the flask and add 50 cc. of the alkaline permanganate recently boiled. 
Distil, at the rate of 1 tubeful in 15 minutes, into 50 oc. Nessler tubes until ammonia 
ceases to come off. Nesslerize and compare as in the determination of free ammonia. 
Report as milligrams per liter of nitrogen in the form of albuminoid ammonia (NH|). 
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inTROGBN IN THE FORM OF RITRrrB.--OFFICIAL. 

12 REAGENTS. 

(a) ConcerUrcUed hydrochloric acid. — Sp. gr. 1.2. 

(b) Sulphanilic acid solution, — Dissolve 1 gram of sulphanilic acid in 100 cc. of hot 
water. 

(C) Alpha-naphthylamin hydrochlorid solution. — Boil 0.5 gram of the salt with 100 cc. 
of water for 10 minutes at constant volume. 

(d) Standard nitrite solution, — Dissolve 1.1 grams of silver nitrite in nitrite-free 
water, precipitate the silver with sodium chlorid solution and dilute to 1 liter, mix 
and allow to settle. Dilute 100 cc. to 1 liter and then 10 cc. of this solution to 1 hter, 
using in each case mtrite-free water. Each cc. of the last solution is equivalent to 
0.0001 mg. of nitrogen as nitrite. 

13 DETERMINATION. 

Place 100 cc. of the water in a 100 cc. Nessler tube and treat with 1 or 2 drops of 
concentrated hydrocliloric acid. Add 1 cc. of the sulphanilic acid, 1 cc. of the alpha- 
naphthylamin hydrochlorid, and thoroughly mix. Set aside for 30 minutes with other 
Nessler tubes containing known amounts of the standard nitrite made up to 100 cc. 
with nitrite-free water, and treated with hydrochloric acid, sulphanilic acid and alpha- 
naphthylamin hydrochlorid in the manner just described. Determine the amount of 
nitrite by comparing the depth of pink color in the known and unknown solutions. 
Record as nitrogen in the form of nitrite. 

NITROGBN IN THE FORM OF lOTRATB. 

Phenoldisulphonic Acid Method. — Official, 

(For water of low chlorin content.) 

14 REAGENTS. 

(a) Phenoldisulphonic acid solution. — Dissolve 25 grama of pure white phenol in 
150 cc. of concentrated sulphuric acid, add 75 cc. of fuming sulphuric acid (13-15% 
SO«) and heat at lOO^'C. for 2 hours. 

(b) standard nitrate solution. — Dissolve 0.722 gram of pure potassium nitrate in 1 
liter of nitrate-free water. Evaporate 50 cc. of this solution to dryness in a porcelain 
dish; treat with 2 cc. of the phenoldisulphonic acid solution, rubbing with a glass rod 
to insure intimate contact. Dilute to 500 cc. ; 1 cc. is equivalent to 0.01 mg. of nitrogen 
as nitrate. This solution is permanent. Standards for comparison are prepared by 
adding anmionium hydroxid to measured volumes of it in 100 cc. Nessler tubes. 

(C) Standard silver sulphate solution. — Dissolve 4.3969 grams of silver sulphate, free 
from nitrate, in 1 liter of water; 1 cc. is equivalent to 1 mg. of chlorin. 
(d) Ammonium hydroxid. — Sp. gr. 0.90. 

15 DETERMINATION. 

Take 100 oc. of the sample, or an amount that will contain 0.05 mg. or less of nitrogen 
as nitrate, and add standard silver sulphate, precipitating all but about 0.5 mg. of the 
chlorin. Heat to boiling, allow to settle, or. add a little alumina cream, filter and 
wash with small amounts of hot water. Evaporate the filtrate to dryness in a porcelain 
dish on the water bath; when cool, treat with 2 cc. of the phenoldisulphonic acid 
solution as in 14 (b). Dilute with water and add slowly ammonium hydroxid until 
the maximum cok>r is developed. Transfer to a colorimetric cylinder, filter if necessary, 
and compare with the standards in the usual manner. Record as nitrogen in the 
form of nitrate. 
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Reduction Method. — Official, 
(For water of high chlorin content.) 

16 REAGENTS. 

(a) Aluminium foil. — ^This reagent should be the purest obtainable. Cut into strips 
about 10 cm. long, weighing about 0.5 gram. 

(b) Sodium or potassium hydroxid solution. — Dissolve 250 grams of the purest 
hydroxid obtainable in 1250 oc. of water. Add 2 or 3 strips of aluminium foil, (a), 
and let stand about 12 hours. Concentrate the solution to 1 liter by boiling. 



17 



DETERMINATION. 



Place 100 cc. of the sample, or such a quantity as contains 0.1 mg. or less of nitrogen 
in the form of nitrate, in a 300 cc. casserole. Add 2 cc. of the sodium hydroxid solution 
and concentrate by boiling to about one-third original volume. Transfer to a 100 cc. 
test tube, using nitrogen-free water, diluting if necessary to a volume of about 75 cc. 
Pr^oare a blank (preferably several blanks, since the nitrogen impurity in aluminium 
is often distributed unevenly) by placing about 75 cc. of nitrogen-free water and 2 cc. 
of the sodium hydroxid solution in a 100 cc. test tube. Place a strip of aluminium foil 
in each tube. Close the mouths of the test tubes with rubber stoppers connected, by 
means of bent glass tubes, with other test tubes containing about 50 cc. of slightly 
acidified anunonia-free water. These latter tubes serve as traps to prevent the escape 
of ammonia and at the same time permit the free evolution of hydrogen. Allow the 
sample and blank to stand at room temperature for 12 hours or until reduction is 
complete. Nesslerize the traps. If high in ammonia, indicating frothing over of the 
sample, the detennination should be discarded. If the traps contain the equivalent 
of only 1-2 cc. standard ammonia solution each, they should be disregarded. Transfer 
the sample and blank to distillation flasks, using 250 cc. of ammonia-free water for 
each, distil, nesslerize and compare with standards as in the determination of free 
ammonia, 11. Subtract the quantity of nitrogen foimd in the blank from that found 
in the sample. Calculate to milligrams per liter of nitrogen in the form of nitrate. 

CHLORIN.— OFFICIAL. 

18 REAGENTS. 

(a) N/20 sulphuric acid. 

(b) N/20 sodium carbonate. 

(C) Potassium chromate indicator. — EHssolve 5 grams of potassium chromate in water, 
add a solution of silver nitrate until a slight permanent red precipitate is produced, 
filter, and dilute to 100 cc. 

(d) Standard siker niiraie solution. — Dissolve 4.791 grams of silver nitrate in water 
and dilute to 1 liter; 1 cc. is equivalent to 1 mg. of chlorin. Check by titration against 
a standardized solution of sodium chlorid. 
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DETERMINATION. 



To 100 CC. of the water add a few drops of phenolphthalein. If a red color appears, 
titrate the carbonates thus indicated to bicarbonates with N/10 or N/20 sulphuric 
acid. If the water is acid to methyl orange, add N /20 sodium carbonate to neutralize 
the acidity. Add 1 cc. of the potassium chromate and titrate with the standard silver 
nitrate. Correct for the amount of silver nitrate necessary to give in 100 cc. of chlorin- 
free water with 1 cc. of the chromate, the shade obtained at the end of the titration 
of the sample. lodids and bromids are not usually found in interfering quantities in 
potable water. However, if they are present make the equivalent correction. 
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If chlorids are present in very small quantities, concentrate 500 or 1000 cc. in a 
porcelain diah to 100 cc., rub down the sides of the dish carefully, add 1 cc. of the 
indicator and titrate as described above. If su£Bcient chlorids are present in 100 cc. 
of the water to consume more than 25 cc. of the standard silver nitrate, determine by 
precipitation in nitric aoid solution and weigh the silver chlorid as directed under 

1. 16 (a). 

OXYGEN RBQUIRBD. 
Meihod 1. --Official. 

20 REAGENTS. 

(a) Siandard poUusium permanganate sokUion. — Dissolve 0.3952 gram of potassium 
permanganate in 1 liter of water; each cc. has 0.1 mg. of oxygen available for oxidation. 

(b) Standard oxalic acid solution. — Dissolve 0.7875 gram of crystallized oxalic acid 
in 1 liter of water. 

Determine the value of the oxalic acid in terms of the permanganate by boiling 
10 cc. of the oxalic acid and 200 cc. of redistilled water (prepared by treating distilled 
water with alkaline permanganate and distilling) with 10 cc. of sulphuric acid (1 to 3) 
and titrating, while still boiling, with the standard permanganate to the appearance 
of a pink color. 
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D etbrminahon. 



Add 10 cc. of sulphuric acid (1 to 3) to 200 cc. of the water in a porcelain dish and 
heat to boiling. Add from a burette the standard permanganate until the water is 
distinctly red and boil for 10 minutes, adding more of the standard permanganate 
from time to time to maintain the red color. Add 10 cc. of the standard oxalic acid 
and titrate back with the standard permanganate to a pink color. From the total 
number of cc. of permanganate used, subtract the number of cc. equivalent to 10 cc. 
of the oxalic acid. The result gives the number of cc. of the permanganate required 
for 200 cc. of the water. Correct for sulphids, nitrites and ferrous salts, if present, by 
subtracting the number of cc. of the standard permanganate absorbed by another 
200 cc. portion of the sample when treated as above, except that the digestion shall be 
at room temperature and for a period of 3 minutes. 

Method II\— Official, 
(To be used when the chlorin content of the sample is high.) 

22 REAGENTS. 

(a) Sodium hydroxid solution. — Dissolve 50 grams of sodium hydroxid in water, cool 
and make to 100 cc. 

Other reagents and standard solutions are described under 20. 
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DETERMINATION. 



Introduce 100 cc. of the water to be examined in a 300 cc. flask, add 0.5 cc. of the 
sodium hydroxid and 10 cc. of tlie permanganate, boil for 10 minutes, allow to cool to 
dO^'-^O^'C. and add 5 cc. of the dilute sulphuric acid and 10 cc. of the standard oxalic 
acid. As soon as the liquid has become perfectly colorless, and while constantly agi- 
tating, cautiously add from a burette, drop by drop, the standard permanganate, until 
the liquid acquires a faint permanent redness. The permanganate required to effect 
this is the quantity required for the decomposition of the organic matter in the 100 cc. 
of water. 
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add and water, filter off Baolybdie aoftd and wash tbe preaipilate until it is free from 
chlorids. Bring the filtrate to a volume of 100 oc., add 1 <^ 2 drops of bromin, make 
alkaline with ammonium hydroxid and let stand for several minutes without agitation. 
Filter off the precipitated manganese, wash, dry, ignite and weigh the precipitate as 
manganomanganic oxid. To this add the weight of the manganomanganic oxid found 
as an impnrHy in the caldum determination. 

Magnesium. — Concentrate the alkaline fihrate from the manganese determination 
to 75 cc. and determine magnesium as directed under 7, Magnesium. 



Mefftod I.—QBkial. 

phosphoric add in an aliquot of A^ under 4, corresponding to 0.2-1 
gram of ash, as directed under I, 6 or 9. 

10 Meihod IL--Qffkial. 

Determine pho^horic add in the plant substanoe as directed under I, 6, usin^ 
suflident material to give 0.2-1 gram of ash in the aliquot of the solution employed. 

11 Method in.— Offkiid. 

The phosphomolybdate predpitate obtained in 6 is used for the determination of 
phosphoric acid as directed under I, 6, beginning with "Dissolve the predpitate on 
the filter with ammonium hydroxid, etc.'* or as under I, 9 (a), beginning with "wash 
with cold water until the filtrate from 2 fillings of the filter yields a pink color, etc.** 

12 suLPUuikic Acn>.— omciAL. 

Heat to boiling an aliquot of A, under 4, corresponding to 0.5-1 gram of ash, add 
barium chlorid solution in small quantities until no further precipitate is formed. Con- 
tinue the boiling for about 5 minutes and allow to stand for 5 hours or longer in a 
warm place. Decant the liquid on an ashless filter or tared Gooch, previously heated, 
treat the precipitate with 15-20 cc. of boiling water, transfer to the filter and wash 
free from chlorids with boiling water. Dry the predpitate and filter, ignite and wdgfa 
as barium sulphate. 

SODIOIC AHD POTASSIUM. 

13 Meihod I. —Official. 

(1) To the combined filtrate and washings from the sulphuric add determination 
add ammonium hydroxid, drop by drop, until the predpitate formed requires several 
seconds to dissolve, thus leaving the solution but faintly add. Heat nearly to the 
boiling point, and add ammonium hydroxid to predpitate all of the iron, aluminium, 
etc. Boil in a covered beaker for about 1 minute, remove, and if no ammonia is given 
off (detected by smelling) continue the addition, drop by drop, until ammonia can be 
detected. Do not allow the predpitate to settle, but stir and pour on the filter. Wash 
immediately with ho% water, using a fine jet which is played araund the edge of the 
precipitate, thus cutting it finee from the fMper in order to p t odne e rapid filtration. 
Wash the predpitate several times, return it to the original beaker, dissolve with a 
few diops of hydrochloric add and warm. Repredpitate the Iron, aluminium and 
phosphoric acid wHh ammonium hydroxid as directed above, filter and wash until 
free from chlorids. Evaporate the combined filtrates and washings to dryness, heat 
bek»w redness until ammonium salts are eaqwlled, dissolve in hot water, add 5 oc. of 
barium hydroadd soimtioB and heat to hoiUng; let settle for a few minutes and determine 
if the precipitation is oomplele by the additaon of barium hydroxid solution to a little 
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of the clear liquid. When no further precipitate is produced, filter and wash thoroughly 
with hot water. Heat the filtrate to boiling, add ammonium hydroxid and ammonium 
carbonate to complete the precipitation of the barium, calcium, etc., let stand a short 
time on the water bath, filter and wash the precipitate thoroughly with hot water; 
evaporate the filtrate and washings to dryness, expel ammonium salts by heating below 
redness, treat with a little hot water, add a few drops of ammonium hydroxid, 1 or 2 
drops of ammonium carbonate and a few drops of ammonium oxalate; let stand a few 
minutes on the water bath, set aside for a few hours, filter, evaporate to complete dry- 
ness on the water bath and heat to dull redness until all ammonium salts are expelled 
and the residue is nearly or quite white. EHssolve in a minimum amount of water, 
filter into a tared platinum dish, add a few drops of hydrochloric acid, evaporate to 
dryness on the water bath, heat to dull redness, cool in a desiccator and weigh as 
potassium and sodium chlorids. Repeat the heating until constant weight is obtained. 
Dissolve in a small amount of water; if any residue remains, the separation must be 
repeated until the residue of potassium and sodium chlorids is entirely soluble. Dissolve 
the residue with water, add an excess of platinum solution [I, 40 (b)], proceed as 
directed under I, 45; or, (2) Instead of the foregoing, evaporate to dryness a fresh 
aliquot of A, under 4, redissolve in water, treat directly with bariiun hydroxid solution 
and from this point proceed as directed above in (1). 

14 Method II.—Qjffkial. 

Proceed as in 13 through '*Iet stand a short time on the water bath** (the point at 
which the barium, calcium, etc., have been precipitated with ammonium hydroxid and 
ammonium carbonate) and then proceed as follows: 

Filter into a beaker, add 1 or 2 drops of hydrochloric acid and 1 cc. of ammonium 
sulphate (75 grams to 1 liter), digest several hours on a water bath, and filter into a 
tared platinum dish. Evaporate to dryness, heat to full redness, add 1 gram of powdered 
anunonium carbonate; heat to expel excess of ammonium carbonate, cool and weigh 
the sulphates of sodium and potassium. Determine potassium as directed under 

I, 42 (a). 

CHLORIN. 

15 Gratimelric Method, — Official. 

Dissolve a weighed portion of the ash, prepared imder 2, in dilute nitric acid (1 to 10), 
filter, wash with hot water and determine chlorin in the combined filtrate and washings 
as directed under I, 16 (8). 

Volumetric Method^. — Official. 
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REAGENTS. 



(a) TV/ 10 silver nitrate. 

(b) TV/ 10 ammonium or potassium tfiiocyanale. 

(C) Ferric indicator. — Saturated solution of ferric alum. 

(d) Nitric acid. — Free from lower oxids of nitrogen, secured by diluting the usual 
pure add with about i part of water, and boiling till perfectly colorless. 

17 DETERMINATION. 

Dissolve a weighed portion of the ash, prepared under 2, in dilute nitric acid (1 to 
ID), filter and wash with water. Add a known volume of the N/10 silver nitrate in 
ali^t excess to the combined filtrate and washings. Stir well, filter and wash the 
silver chlorid precipitate thoroughly. To the filtrate and washings add 5 cc. of the 
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acid to clear the solution. Heat to boiling and neutralize with ammonium hydroxid, 
stirring constantly. Add ammonium hydroxid in slight excess and allow to stand 3 
hours in a warm place. Filter off the supernatant liquid and wash the precipitate 
once or twice by decantation with 1 per cent ammonium oxalate solution. Dissolve the 
precipitate in hydrochloric acid, dilute to 100-200 cc, add a little oxalic acid and 
precipitate as above. After standing 3 hours, filter, wash with the ammonium oxalate 
solution as above, dry, ignite, heat over a blast lamp and weigh as calcium and strontium 
oxids. Subtract from this weight, the weight of strontium oxid equivalent to the 
strontium under 46. The difference is the weight of calcium oxid. Calculate to 
calcium. Designate the combined filtrates and washings as C. 

As a check on the calcium oxid, evaporate to dryness the filtrate from the strontium 
nitrate under 46, beginning with "Filter, wash with ether-alcohol mixture, etc.," 
dissolve the calcium nitrate in water, precipitate as oxalate, filter, wash, ignite and 
weigh as calcium oxid. 

46 STROimUM.— TENTATIVE. 

Dissolve the oxids under 45 in dilute nitric acid and test with the spectroscope for 
strontium. If strontium is present, transfer the nitric acid solution to a small Erlen- 
meyer flask. Evaporate nearly to dryness over a low flame and heat in an air bath 
at 150**-160°C. for 1-2 hours after the water is evaporated. Break up the dried 
material with a stirring rod, add 10-15 cc. of a mixture of equal parts of absolute 
alcohol and ether to dissolve the calcium nitrate. Cork the flask and allow to stand 
with frequent shaking for 2 hours or longer. Decant the solution through a 5.5 cm. 
filter, preserving the filtrate. Wash the residue several times by decantation with 
small portions of ether-alcohol solution. Dry the residue and the filter paper and 
wash the filter paper repeatedly with small portions of hot water, collecting the filtrate 
in the flask containing the main portion of the strontium nitrate residue. Add 1 or 2 
drops of dilute nitric acid, evaporate, dry, pulverize and treat with 10-15 cc. of ether- 
alcohol mixture as above. Cork the flask and let stand about 12 hours with occasional 
shaking. Filter, wash with ether-alcohol mixture until a few drops of the filtrate 
evaporated on a watch glass leave practically no residue. Dry the paper and pre- 
cipitate. Dissolve the strontium nitrate in a few cc. of hot water. Add a few drops 
of sulphuric acid, then a volume of alcohol equal to the volume of the solution and 
allow to stand 12 hours. Filter, ignite, weigh as strontium sulphate and calculate to 
strontium. Test spectroscopicaUy for calcium and barium. If these elements are 
present, determine the amount and make the necessary correction. 

47 MAGNESIUM.— OFHCIAL. 

Concentrate C, under 45, to about 200 cc. ; add 2-3 grams of diammonium hydrogen 
phosphate and sufficient hydrochloric acid to clear the solution when the ammonium 
phosphate is all dissolved; diaodium hydrogen phosphate or sodium ammonium 
hydrogen phosphate may be used instead of the diammonium hydrogen phosphate. 
When cold, make slightly alkaline with ammonium hydroxid, stirring constantly. 
Add 1-2 cc. excess of ammonium hydroxid and allow to stand about 12 hours. Filter 
off the supernatant liquid and wash 3 or 4 times by decantation with a solution of 
2.5 per cent ammonium hydroxid. Dissolve the precipitate in hydrochloric acid, dilute 
to about 150 cc, add a little diammonium hydrogen phosphate and precipitate with 
ammonium hydroxid as before. Allow to stand 6-12 hours, filter, wash free from 
rhlorids, ignite, heat over a blast lamp and weigh as magnesium pyrophosphate. 
(Cf. II, 7.) Calculate to magnesium. 
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Sulphuric Acm, SoDnnn, Potassium and Lithixtm. 

48 SULPHURIC ACID.— OFFICIAL. 

Make a preliminary examination, using 100-250 cc. of the water to determine the 
approximate quantity of sulphates. The alkali salts present can be approximated 
by calculating the amount of sodium necessary to combine with the excess of acids 
(hydrochloric, sulphuric, and bicarbonic) over the calcium and magnesium. 

Take a quantity, usually 1-5 liters, of the water sufficient to yield not more than 

1 gram of barium sulphate and not more than 0.5 gram of mixed chlorids. Acidify 
with hydrochloric acid, evaporate to dryness in a platinum dish, and remove silica by 
two evaporations as under 40, using not more than 2 cc. of hydrochloric acid (1 to 1) 
for the final solution. Combine the filtrate and washings from the silica determina- 

*tion8, and concentrate to about 150-200 cc. Heat to boiling and precipitate with slight 
excess of 10 per cent barium chlorid solution, added very slowly and with constant 
stirring. Cover and allow to stand on the steam bath about 12 hours. Filter, wash 
thoroughly the precipitate of barium sulphate with hot water, dry, ignite over a 
Bunsen burner and weigh. 

If the content of sulphate in the sample is unusually large, proceed as far as the 
concentration of the silica filtrates as directed above. Add 50 cc. of concentrated 
hydrochloric acid, heat to boiling and precipitate with barium chlorid solution as 
before. Evaporate to dryness, wash the precipitate repeatedly by decantation and 
filter. Complete the washing of the precipitate; ignite and weigh. Calculate to the 
sulphuric acid ion. Designate the filtrate as E. 

SODIUM, POTASSIUM AND LITHIUM. 
Amyl Alcohol Method, — Official. 

49 PREPARATION OF THE MIXED CHLORIDS. 

Evaporate to dryness E, under 48, in a platinum dish and ignite the residue to faint 
redness to remove all traces of ammonium salts. Dissolve the residue in the dish in 
about 200 oc. of water and precipitate with milk of lime or a solution of barium bydroxid. 
Boil, allow to stand for 30 minutes, and filter off the insoluble magnesium hydroxid and 
undissolved lime. Thoroughly wash the precipitate with hot water and combine the 
filtrate and washings. If the precipitate of magnesium is large, it is advisable to dis- 
solve in a small amount of hydrochloric acid, evaporate to dryness, take up with water, 
and precipitate as before. Concentrate the two filtrates and washings to 200-250 oc. 
Add anunonium hydroxid and sufficient ammonium carbonate to precipitate the cal- 
cium and barium. Allow to stand on a steam bath for 1-2 hours. Filter off the super- 
natant liquid, dissolve the precipitate in hydrochloric acid, reprecipitate as above, 
and wash thoroughly with hot water. Evaporate the combined filtrates and washings 
to dryness and drive off the ammonium salts by gentle heat. Treat the residue with 
water; filter through a small filter, using as little wash water as possible; evaporate 
to a small volume and again precipitate with 1 or 2 drops of ammonium hydroxid and 

2 or 3 drops of ammonium carbonate and oxalate. If any precipitate appears (which 
is usually not the case) filter and repeat the process. Evaporate the filtrate to dryness 
and drive off all ammonium salts by heating in platinum to faint redness. Treat the 
residue with a little water; filter into a small platinum dish; add a few drops of hydro- 
chloric acid and evaporate to dryness. Dry in an oven, heat to faint redness, cool in 
a desiccator and weigh the combined chlorids of potassium, sodium and lithium. 
Repeat the heating to constant weight (x). Dissolve the mixed chlorids in hot water; 
filter and wash. Return the filter paper and residue to the dish, dry, ignite and weigh 
(y). The difference between (x) and (y) is the weight of the mixed chlorids. 



32 METHODB or ANALYSIS [III 

50 DETERMINATION*. 

Transfer the combined chlorids to a 50-100 cc. Erlenmeyer flask and evaporate the 
solution nearly, but not quite, to dryness. Add about 30 cc. of redistilled amyl alcohol. 
Connect the flask, the stopper of which carries a th^uionieter, with a condenser if 
desired, to avoid the escape of the irritating vapor of the amyl alcohol, and boil until 
the temperature rises to the boiling point of amyl alcohol (approximately 130°C.) to 
remove the water. Cool slightly and add a drop of hydrochloric acid to convert small 
amounts of lithium hydroxid to lithium chlorid. Connect with the condenser and 
repeat the boiling until the temperature reaches the boiling point of amyl alcohol to 
again drive off the water. The contents of the flask at this time are usually 15-20 cc. 
Filter through a small paper or a Gooch crucible into a graduated cylinder and note 
the exact quantity of the filtrate, which determines the subsequent correction. Wash 
the precipitate with small quantities of amyl alcohol. If the quantity of lithium 
exceeds 2-3 mg., dissolve the precipitate from the flask and filter with hot water, 
and repeat the separation by boiling again in amyl alcohol. Filter and wash as before, 
noting the exact quantity of filtrate exclusive of washings. Evaporate the filtrates and 
washings in a small platinum dish to dryness on the steam bath, dissolve the residue 
in water and add a few drops of sulphuric acid. Evaporate on a steam bath and 
expel the excess of sulphuric acid by heating gently over a Bunsen burner until the 
carbonaceous matter is completely burned off, repeating the addition of a few drops 
of sulphuric acid if necessary. Cool and weigh the dish and contents (x). Dissolve 
in a small quantity of hot water, filter through a small filter, wash and return filter to 
dish; ignite and weigh (y). The difference between (x) and (y) is the weight of impure 
lithium sulphate. 

The purity of the lithium sulphate should be tested by adding small amounts of 
ammomum phosphate solution and anunonium hydroxid, which will precipitate any 
magnesium present in the lithium sulphate. Any precipitate appearing after standing 
overnight should be collected on a small filter, igmted, weighed as magnesium pyrophos- 
phate, calculated to sulphate and subtracted from the weight of the impure litnium 
sulphate. From this weight subtract 0.00113 gram of sodium and potassium sulphates 
for every 10 cc. of amyl alcohol filtrates, exclusive of the amyl alconol used in waalung 
the residue, on account of the solubility of sodium and potassium chlorids in amyl 
alcohol. Calculate to lithium from the corrected weight of lithium sulphate, using the 
factor 0.1263. 

Dissolve the mixed chlorids from the flask with hot water and filter, evaporate to 
dryness, ignite gently to remove amyl alcohol, filter and thoroughly wash; concentrate 
the filtrate and washings to 25-50 cc. Transfer to a porcelain dish, add sufficient 
platinum solution [I, 40 (b)] to convert sodium and potassium to their respective 
double chlorids and evaporate to dryness. Treat the residue with 80 per cent alcohol, 
filter and wash until the excess of platinic chlorid and sodium platinic chlorid has been 
removed. Dry the filter and precipitate, dissolve the residue in hot water, and transfer 
to a weighed platinum dish. Evaporate on a steam bath, dry for 30 minutes in an 
oven at lOO^C. and weigh as potassium platinic chlorid; calculate to potassium chlorid. 
using the factor 0.3067. To the weight of potassium chlorid add 0.00051 gram for 
every 10 cc. of amy! alcohol used in the extraction of the lithium chlorid, which corrects 
for the solubility of the potassium chlorid in amyl alcohol. Calculate to potassium, 
using the factor 0.5244. 

The weight of sodium chlorid is found by subtracting the combined corrected weights 
of lithium chlorid and potassium chlorid from the total weight of the 3 chlorids. Cal- 
culate the sodium chlorid to sodium, using the factor 0.3934. 
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5 1 Ether- A kohol Method^.—OfficiaL 

Dissolve the mixed chlorids obtained as directed in 49 in a minimum amount of 
cold water (about 1.5 cc. will be more than sufficient for 0.5 gram of the salts), intro- 
ducing the solution into a tall 200 cc. beaker. Add 1 drop of concentrated hydro- 
chloric acid, and then add gradually 20 cc. of absolute alcohol, dropping the latter into 
the colter of the beaker (not on the aides) while rotating the solution. The sodium 
and potassium chlorids should be precipitated in a perfectly uniform granular condition. 
In a similar manner, while rotating the mixture, add 60 cc. of ether (sp. gr. 0.716-0.717 
at 25**C.) and allow the mixture to stand about 5 minutes or until the precipitate is 
well agglomerated and the supernatant liquid almost clear, rotating the mixture occa- 
sionally during this period. Filter through a tared Gooch crucible into an EIrlenmeyer 
flask by means of suction, using a bell jar arrangement, washing the beaker thoroughly 
with a mixture of 1 part alcohol and 5 parts ether, collecting all of the precipitate on 
the Gooch with the aid of a rubber tipped rod. After thorough washing of the precipi- 
tate on the Gooch set the latter aside and rinse the funnel with alcohol-ether mixture 
to wash any adhering lithium solution into the flask containing the filtrate. Evaporate 
the filtrate to dryness on a steam bath, using an air blast. Treat the residue with 10 
cc. of absoUiie alcohol, wanning if necessary, so that practically ail of the residue dis- 
solves. If a slight film remains on the bottom and sides of the flask, remove it with a 
rubber tipped rod. Then, while rotating the solution in the flask, add 50 cc. of ether 
(sp. gr. 0.716^.717 at 25*'C.), followed by i drop of concentrated hydrochloric acid. 
Allow to stand for 30 minutes, rotating the solution at frequent intervals. When the 
fine precipitate has agglomerated (only a very small amount usually being precipitated), 
filter into a tall beaker by means of suction through the Gooch crucible containing the 
first precipitate. Wash the combined precipitates with the ether-alcohol mixture, 
using the same precautions as in the case of the first precipitation. Dry the Gooch 
and its contents in an oven, ignite gently, cool and weigh, obtaining in this manner the 
weight of combined sodium and potassium chlorids. Reserve for the determination of 
potassium. 

Evaporate on a steam bath the ether-alcohol filtrate and washings containing the 
lithium. Dissolve the residue in a little water, add a slight excess of sulphuric acid 
and transfer to a weighed porcelain or platinum dish. Evaporate as far as possible on 
a steam bath and then gently ignite the residue over a flame. By placing the dish on a 
triangle over an asbestos gauze and using a low flame, the solution can be evaporated 
without spattering. Finally ignite carefully over a full flame, cool and weigh. When 
charring has occurred, it is well to repeat the ignition with sulphuric acid. Calculate 
to lithium, using the factor 0.1263. 

Remove the potassium and sodium chlorids from the Gooch crucible by washing 
with 25-50 cc. of hot water, using suction, and collecting the filtrate in a porcelain 
dish. Add sufficient platinum solution [I, 40 (b)] to convert the potassium and 
sodium to their respective double chlorids and evaporate to dryness. Treat the residue 
with 80 per cent alcohol, filter, and wash until the excess of platinic chlorid and sodium 
platinic chlorid has been removed. Dry the filter and precipitate, dissolve the residue 
in hot water, and transfer to a weighed platinum dish. Evaporate on a steam bath, 
dry for 30 minutes in an oven at 100**C., cool, and weigh as potassium platinic chlorid. 
Calculate to potassium chlorid, using the factor 0.3087; and to potassium, using the 
factor 0.1609. 

Find the weight of sodium chlorid by subtracting the weight of potassium chlorid 
from the weight of combined potassium and sodium chlorids obtained above. Calcu- 
late to sodium, using the factor 0.3934. 
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BARn71i.~TSNTATIVE. 



It is not necessary to look for barium if sulphate is present in appreciable amount 
unless the water contains a large amount of bicarbonate or chlorid, which may hold in 
solution a small amount of both sulphate and barium. 

52 REAGENTS. 

(a) Ammonium diefwomate solution, — Dissolve 100 grams of the salt in water and 
make up to 1 liter. 

(b) Ammonium acdale solution. — Dissolve 300 grams of the salt in water, neutralize 
with ammonia and make up to 1 liter. 

(C) Dilute ammonium acetate solution. — Dilute 20 cc. of (b) to 1 liter. 
Reaction of acetate solutions should be alkaline rather than acid. 

53 Gravimetric Method. 

Acidify a 1-5 liter portion of the sample with hydrochloric acid and concentrate to 
about 200 cc. (if a precipitate forms it should be filtered oif and examined for barium). 
Add about 0.5 grsan of ammonium chlorid and precipitate the iron and aluminium 
with ammonium hydroxid. Boil, filter and wash. To the filtrate add an excess of the 
ammonium acetate solution, 10 cc., 52 (b), keeping the total volume about 200 cc. 
Heat to boiling and add, with stirring, about 5 cc. of the ammonium dichromate solu- 
tion. Allow to settle and cool. Decant the clear liquid through a filter, wash the 
precipitate by decantation with the dilute ammonium acetate solution, 52 (C), until the 
filtrate is no longer perceptibly colored (100 cc. of wash solution). Place the beaker 
under the funnel, dissolve the precipitate on the paper with warm dilute nitric acid, 
using as little as possible, and wash the paper. Add a little more acid to dissolve the 
precipitate in the beaker, then ammonium hydroxid until the precipitate forming again 
no longer redissolves. Heat to boiling, add, with stirring, 10 cc. of the ammonium 
acetate solution and 2 cc. of the ammonium dichromate solution, allow to cool slowly 
and wash the precipitate by decantation with the dilute ammonium acetate solution. 
Dry the barium chromate, burn the filter separately, ignite moderately to constant 
weight and weigh as barium chromate (BaCrOi). Record as barium, using the factor 
0.54217. 

54 Volumetric Method. 

Proceed as directed under 53 through '*wash the precipitate by decantation with the 
dilute ammonium acetate solution*' (after the second precipitation). Then proceed as 
follows: 

Dissolve the precipitate in about 10 cc. of dilute hydrochloric acid (1 to 1) and hot 
water. Wash the filter, dilute the solution to about 400 cc., and add about 50 cc. of a 
freshly prepared 10 per cent solution of potassium iodid. Mix carefully and titrate 
the liberated iodin after 3-4 minutes with standard thiosulphate (1 cc. N/10 thiosul- 
phate = 4.579 mg. barium). 

PHOSPHORIC ACn>.--OFnCIAL. 

55 REAGENTS. 

The reagents used are described under I, 7. 



56 



D ETERMINATION. 



Treat 500 cc. of the water, or a larger amount if necessary, with about 10 cc. of 
concentrated nitric acid and evaporate in a porcelain dish nearly to dryness to drive 
off hydrochloric acid. Treat the residue with water, and filter if necessary. Add 
ammonium hydroxid to alkalinity and then just enough nitric acid to restore acidity. 
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Add some solid ammonium nitrate and heat in the water bath at a temperature of 
4.5°-50^C. Add the molybdate solution and keep at the above temperature for 30 
minutes. The yellow precipitate formed at this point appears generally only in traces; 
if more than traces are present, filter and wash with cold water until entirely free 
from nitric and molybdic acids. Transfer the precipitate and filter to a beaker, add 
a little water and beat the paper and contents to a pulp. Dissolve the yellow pre- 
cipitate in a small amount of the standard potassium hydroxid; add phenolphthalein 
and titrate with the standard acid. From the data so obtained calculate the phosphoric 
acid ion in the water to milligrams per liter. 

57 Manganbsb, Iodin, Bromin, Arsenic and Boric Acid. 

Evaporate large quantities of the water to dryness, after the addition of small 
amounts of solid sodium carbonate. Boil the residue thus obtained with water, 
transfer to a filter and wash thoroughly with hot water. Use the residue remaining 
on the filter for the determination of manganese. Make the alkaline filtrate up to a 
definite volume and use for the determination of iodin, bromin, arsenic and boric acid. 

MANGANESE. 

Persulphate Method. — Official, 

58 REAGENTS. 

(a) Dilute nitric acid (1 to i). 

(b) Silver nitrate sohiiion. — Dissolve 2 grams of silver nitrate in 1 liter of water. 

(C) Ammonium persulphate, 

(d) Standard manganous sulphate solution. — Dissolve 0.2877 gram of pure potassium 
permanganate in a small amount of water, add an excess of sulphuric acid, reduce care- 
fully with oxalic acid and make up to 1 liter. One cc. of this solution is equivalent 
to 0.1 mg. of manganese. 

59 DETERMINATION. 

Dissolve the insoluble residue under 57 in an excess of the dilute nitric acid, evap- 
orate to dryness, treat with water, add about 1 cc. of strong nitric acid and a little of 
the silver nitrate. If a precipitate of silver chlorid appears, add more of the ^Iver 
nitrate until all the chlorin is precipitated. Add an excess of about 10 oc. of the 
silver nitrate for each mg. of manganese present in the sample. Filter, add 1 gram 
of ammonium persulphate to the filtrate and place the beaker or flask containing 
the solution on the steam bath until a pink color develops (usually about 20 minutes). 
Compare the color developed with standards similarly prepared by treating solutions 
containing known amounts of the standard manganous sulphate with nitric acid, silver 
nitrate and ammonium persulphate. 

Bismufhale Metliod, — Tentative, 

m 

60 REAGENTS. 

(a) Dilute nitric acid (1 to 4). — Free from brown oxid of nitrogen by aeration. 

(b) Sulphuric acid (/ to 3), 

(C) Dilute sulphuric acid. — Dilute 25 cc. of concentrated acid to 1 liter with water. 
Add enough permanganate solution to color faintly the dilute acid. 

(d) Standard manganous sulphate solution. — Dissolve 0.2877 gram of pure potassium 
permanganate in about 100 v/c. of water, acidify the solution with sulphuric acid and 
heat to boiling. Add slowly a sufticient quantity of a dilute solution of oxalic acid to 
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discharge the color. Cool and dilute to 1 liter. One cc. of this solution is equivalent 
to 0.1 mg. of manganese. The standard should be prepared by following the same 
procedure as is used for the sample. This solution is more permanent than a solution 
of potassium permanganate, which may, however, be used. To prepare it, dissolve 
0.288 gram of potassium permanganate in water and dilute the solution to 1 liter. 
(e) Sodium bismulhale. — Pure dry salt. 

61 DETERMINATION. 

Remove chlorin by two or more evaporations with sulphuric acid from such a quan- 
tity of the sample as contains 1 mg. or less of manganese. The residue obtained under 
57 may be used in lieu of a fresh sample by dissolving it in an excess of dilute nitric 
acid, adding sulphuric acid and removing chlbrin by two or more evaporations. In 
either case, volatilize the sulphuric acid and ignite the residue gently (less than 500*^0 . 
Dissolve in 40 cc. of nitric acid, add about 0.5 gram of sodium bismuthate and heat 
until the permanganate color disappears. Add a few drops of a solution of ammonium 
or sodium bisulphate to clear the solution and again boil to expel oxids of nitrogen. 
Remove from the source of heat, cool to 20°C., again add 0.5 gram of sodium bismuthate 
and stir. When the maximum permanganate color has developed, filter through an 
alundum or Gooch crucible containing an asbestos mat whic^ has been ignited, treated 
with a solution of potassium permanganate and washed with water. Wash the 
precipitate with dUute sulphuric acid until the washings are colcH'less. Transfer 
the filtrate to a colorimeter tube and compare the color with that of standards prepared 
from the potassium permanganate solution. To prepare the standards, dilute with 
sulphuric acid, 60 (C), portions of 0.2, 0.4, 0.6 cc., etc., of the permanganate solution 
to the same volume as the filtrate. 

lODIN AND BROMIN.— TBNTATIVB. 

62 REAGENTS. 

(a) Sodium hydroxid solution. — Dissolve 10 grams of sodium hydroxid in water, cool 
and dilute to 100 cc. 

(b) Sulphuric acid (/ to 5). 

(C) Potassium or sodium nitrite solution, — Dissolve 2 grams of potassium or sodium 
nitrite in 100 cc. of water. 

(d) Carbon disulphid. — Freshly purified by distillation. 

(e) Chlorin wtder, — Saturated and freshly prepared. 

63 DETERMINATION. 

Evaporate to dryness an aliquot of the alkaline filtrate under 57, add 2-3 cc. of 
water to dissolve the residue and enough 95 per cent alcohol to make the percentage of 
alcohol about 90. This precipitates the chlorids. Heat to boiling, filter and repeat the 
preceding solution and precipitation once or twice. Add 2 or 3 drops of the sodium 
hydroxid to the combined alcoholic filtrates and evaporate to dryness. Dissolve this 
last residue in 2-3 cc. of water and repeat as above described the precipitation with 
alcohol, heating and filtering. Add a drop of the sodium hydroxid to this alcoholic 
filtrate and evaporate to dryness. Dissolve this residue in a little water, acidify with 
the sulphuric acid, using 3 or 4 drops in excess, and transfer to a small flask. Add 4 
drops of the potassium nitrite and about 5 cc. of the carbon disulphid. Shake until 
all the iodin is extracted, filter off the acid solution from the carbon disulphid, retaining 
the latter in the flask. Wash the flask, filter and contents with cold water and transfer 
the carbon disulphid, containing the iodin in solution, to a Nei»ler tube, using approxi- 
mately 5 cc. of the carbon disulphid. In washing the filter, make the contents of the 
tube up to definite volume, usually 12-15 cc, and compare tlie color with that of other 
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tubes contaimng known cunounts of iodin dissolved in carbon disulphid. Prepare these 
standard tubes by treating measured quantities of a solution of known potassium iodtd 
content as described above, beginning with *'acidify with the sulphuric acid". Transfer 
the sample and standards, from which the iodin has been removed, severally to small 
flasks. To the standards add definite measured quantities of a bromid solution of 
known strength, and to each of the flasks containing sample and standards add 5 cc. 
of purified carbon disulphid. Add the saturated chlorin water, 1 cc. at a time, shaking 
after each addition untU all the bromin is set free. (Avoid a large excess of chlorin, 
since a bromo-chlorid may be formed which spoils the color reaction.) Filter off the 
water solution from the carbon disulphid through a moistened filter, wash the contents 
of the filter 2 or 3 times with water and then transfer to a Nessler tube by means 
of about 1 cc. of carbon disulphid. Repeat this extraction of the filtrate twice, using 
3 cc. of carbon disulphid each time. The combined carbon disulphid extracts usually 
amount to 11.5-12 cc. Add enough carbon disulphid to the tubes to bring them to a 
definite volume, usually 12-15 cc, and compare the sample with the standards. In 
some cases, when using this method near its upper limit the amounts of carbon disulphid 
recommended do not extract all the bromin. In these cases, make one or two extra 
extractions with carbon disulphid, transfer the extracts to another tube and compare 
the color with some of the lower standards and add the readings thus obtained to the 
others. 

Resohs closely approximating the true values for iodin and bromin can be obtained 
on most samples by omitting the extractions with alcohol given above and by com- 
paring the color of the carbon disulphid solutions directly in the extraction flasks, thus 

shortening the method. 

AftSBNIC. 

Method I. --Official. 

64 REAGENTS. 

(a) Zinc^ arsenie-free. 

(b) Sulphuric acid (1 io 5), arsenie-free, 

(C) Standard arsenious oxid solution, — Dissolve 0.0132 gram of pure arsenious oxid 
in 100 cc. of water containing about 50 mg. of sodium carbonate. One cc. of this 
solution is equivalent to 0.1 mg. of As. 

65 DETERBONATION. 

Evaporate to dryness an aliquot of the alkaline filtrate under 57. Acidify with the 
sulphuric acid and subject to the action of the zinc and the sulphuric acid in a Marsh- 
Berzelius apparatus. Compare the mirror obtained with a mirror prepared from an 
arsenious oxid solution of known strength. Calculate to the arsenic acid ion. 

Method IL—Teniali9e, 

66 REAGENTS AND APPARATUS. 

Described under XI, 1 and 2 (Fig. 5). 

67 DETERMINATION. 

Take such a portion of the alkaline filtrate under 57 as contains not more than 0.03 
mg. of arsenious oxid (AsjOs). If the quantity taken is greater than 10 cc., evaporate 
the solution to about that volume on the water bath. Transfer the solution into the 
generator of the apparatus described under XI, 2, with the aid of about 10 cc. of 
water; add 20 cc. of dilute sulphuric acid (1 to 2) and proceed as c^rected under XI, 4, 
beginning with *'If the total volume is less than 40 cc., dilute to that volume with 
water and add 4 cc. of the 20 per cent potassium iodid solution". 
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68 BORIC Acn>.— omoAL. 

(Glassware containing boron must not be used in this determination.) 

QualUaiive lest. — Evaporate to dryness a part of the alkaline filtrate under 57, treat 
with 1-2 cc. of water and slightly acidify with dilute hydrochloric acid (1 to 1). Add 
about 25 cc. of 95 per cent alcohol, boil, filter and repeat the extraction of the residue. 
Make the filtrate slightly alkaline with sodium h^droxid solution and evaporate to 
dryness. Add a little water, slightly acidify with dilute hydrochloric acid and place a 
strip of turmeric paper in the Uquid. Evaporate to dryness on the steam bath and con- 
tinue the heating until the turmeric paper is dry. If boric acid is present, the turmeric 
paper takes on a cherry-red color. As a confirmatory test, apply a drop of dilute ammo- 
nium hydroxid to the reddened paper, and a dark olive color will be due to boric acid. 

Qucmiilative lest. — It is not usually necessary to determine boric acid quantitatively. 
However, if it is necessary, the Gooch method' is used. 

69 METHOD OF REPORTING RESULTS.— TENTATIVE. 

Report the bases and acids as positive and negative ions in milligrams per liter, 
except in the case of silica, which report as such without considering how much is 
present as the siUcic acid ion and how much as free silica. Report iron and aluminium 
together when present in unimportant quantities, and in calculations consider them as 
iron. When iron and aluminium are present in larger quantities, make the separation 
and report each separately. 

In calculating the hypothetical combinations of acid and basic ions, join sodium to 
nitrous, nitric, metaboric and arsenic acids; potassium to iodin and bromin; calcium 
to phosphoric acid. Assign the residual basic ions in the following order: Ammonium, 
h'thium, potassium, sodium, magnesium, calcium, strontium, manganese, iron and 
aluminium — to the residual acid ions in the following order: Chlorin, sulphuric acid 
ion, carbonic acid ion, and bicarbonic acid ion. In case the bicarbonic acid ion is not 
present in a sufficient quantity to join with all the calcium, the residual calcium is 
joined to silica to form calcium silicate, and manganese, iron and aluminium are 
calculated to the oxids Mn304, FesOs and AlsOa, respectively. 

INDUSTRIAL WATER. 

70 SOLIDS IN SOLTrnON.-^FnCIAL. 
Determine as directed under 7. 

71 CHLORIN.— OFFICIAL. 
Determine as directed under 19. 

72 COlffllNED CARBONIC AND BICARBONIC ACIDS.— OFHCIAL. 

Determine as directed under 39. 

73 NITRATES.--OFFICIAL. 

Determine as directed under 15 or 17. 

74 SIUCA.--OFFICIAL. 

Determine as directed under 40. Generally one evaporation with hydrochloric acid 
for removal of silica is sufficient. 

75 IRON AND ALUBfflNIUM.— OFFICIAL. 
Determine as directed under 41. 
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76 CALCIUM^-OFflCIAL. 

If no phosphoric acid is present, concentrate the fihrate from the determination of 
iron and precipitate with ammonium hydroxid and oxalate as directed under 45. 
Usually one precipitation is sufficient. 

77 MAGNBSnJM.--OFFICIAL. 
Determine as directed under 47. 

78 SULPHITSXC ACID AND ALKAUBS.-OFHCIAL. 

Follow the methods prescribed under 48 and 50 or 51. Generally, however, for 
technical purposes it is sufficiently accurate to determine the acids and the bases, 
except sodium and potassium, and then to calculate the excess of acid over basic ions to 
the sodium salt, and state the alkali thus found as sodium and potassium by difference. 

79 TEMPORARY HARDNBSS.— OFNCIAL. 

The difference between the alkalinity after boiling, 83, and the alkalinity before 
boiling, 81, is the temporary hardness in parts per niillion of calcium carbonate. 

ALKAUNITYo.— Before BoUinc.--Omcial. 

80 REAGENTS. 

(a) N / 50 sulphuric aeid, 

(b) Eryihrotin indicator. — ^Dissolve 0.1 gram of the sodium salt in 1 liter of water. 
(C) Chloroform, — Neutral to erythrosin. 



81 



DETERMINATION. 



Measure 100 cc. of the water into a 250 cc. white, glass-stoppered bottle, add 2.5 cc, 
of the erythrosin and 5 cc. of the chloroform, add N/50 sulphuric acid in small quanti- 
ties, shaking the bottle vigorously after eadi addition of the add. The rose color 
gradually disappears and is finally discharged by 1 or 2 drops of the aokl. A white 
paper held back of the bottle facilitates the detection of the end point. M^tlply 
the number of cc. of N/50 sulphuric acid used by 10 to obtain the number of parts 
per million of alkalinity in terms of caldum carbonate. 

ALKAUNITY.— After Bom]ig.--Offlcial. ^ 

82 REAGENTS. 

Described under 80. 

83 DETERMINATION. 

Boil 100 cc. of the water in a porcelain dish gently for 30 minutes. Cool, transfer 
to a 100 cc. volumetric flask and fill to the mark with recently boiled and cooled water. 
Filter through a dry paper and determine the alkalinity of the filtrate as directed under 
81, making the proper calculation for the afiquot employed and calculating in terms 
of calcium carbonate the parts per million of alkcdinity after boiling. 

TOTAL HARDIIBSS*.--OFFICIAL. 

84 REAGENTS. 

(a) Sodm reagent. — Prepare an approximately N/10 solution, using equal parts of 
sodium hydroxid and sodium carbonate. 

(b) N/20 mlpkurie acid. 
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DETERMINATION. 



Add sufficient N/20 sulphuric acid to 200 cc. of the sample, contained in a 500 cc. 
Pyrex or similar glass Elrlenmeyer flask, to neutralize the alkalinity, the amount required 
for this being calculated from the results obtained as directed under 81. Measure 
200 cc. of water into a similar flask. Then treat the contents of each flask in the 
following manner: Boil 15 minutes to expel free carbon dioxid. Add 25 cc. of the 
soda reagent. Boil 10 minutes, cool, rinse into 200 cc. graduated flasks and dilute 
to 200 cc. with boiled water. Filter, rejecting the first 50 cc., and titrate 50 cc. of 
each filtrate with N/20 sulphuric acid in the presence of methyl orange or erythrosin 
indicator. The total hardness in parts per million of calcium carbonate is equal to 
50 times the difference between the cc. of N/20 sulphuric acid used in titrating the 
aliquot of the blcuik and the aliquot of the sample. 

86 PBRitANBirr or non^arbonate hardness.— official. 

The difference between the alkalinity before boiling, 81, and the total hardness, 85, is 
the permanent or non-carbonate hardness expressed as parts per million of calciuai 
carbonate. 

IRRIGATING WATER. 

87 GBNBRAL METHODS.--OFFICIAL. 

Determine the solids in solution, chlorin, carbonic and bicarbonic acids, sulphuric 
acid, calcium and magnesium as directed under 7, 19, 39, 48, 45 and 47, respectively. 
To make the hypothetical combination, calculate calcium and magnesium to the acid 
ions in the following order: bicarbonic, sulphuric and chlorin. Then calculate the 
remaining acid ions, including carbonic, to the corresponding salts of sodium. 

BLACK ali:ali.--official. 

88 reagents. 

(a) N/50 sodium carbonate. — One cc. of this solution is equivalent to 0.00106 gram 
of radium carbonate. 

(b) ^N/50 sulphuric acid. — One cc. of this solution is equivalent to 0.0010 gram of 
calcium carbonate or 0.00136 gram of calcium sulphate. 

(C) Erythrosin indicator. — Dissolve 0.25 gram of the sodium salt in 1 liter of water. 
(d) Chtorofrom. — Neutral to erythrosin. 
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determination. 



Transfer 200 cc. of the water to a platinum or silver dish, add 50-100 cc. of N/50 
sodium carbonate, according to the amount of soluble salts of calcium and magnesium 
present, and evaporate to dryness. Rub up the residue with carbon dioxid-free water. 

For this purpose water should be vigorously boiled until approximately one-third 
of the original volume is evaporated, then cooled euid stoppered. An ordinary 
laboratory wash bottle should not be used to transfer the residue, as the carbon dioxid 
from the breath of the operator is sufficient to vitiate the results. 

Transfer to a 100 cc. graduated flask, make up to the mark, shake thoroughly, and 
allow to stand until clear (12-15 hours). Remove 50 cc. of the clear, supernatant 
liquid, equivalent to one-half of the original quantity of water and sodium carbonate 
added, and transfer to a glass-stoppered flask or stoppered titration bottle, of 250 cc. 
capacity, of clear glass, without any tinge of pink. Add 5 cc. of the chloroform and 
1 cc. of the erythrosin, and titrate with the standard add until the color disappears. 
Shake the solution vigorously after each addition of the acid; the chloroform pro- 
duces a milky appearance which makes the reading of the end point sharp and certain. 
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(1) If less sulphuric acid is required than is equivalent to one-half of the sodium 
carbonate added, due to some of the sodium carbonate reacting with soluble salts of 
calcium and magnesium, the solution originally contained no black alkali in excess, but 
rather an excess of the so-called permanent or non-carbonate hardness. It is customary 
to express the hardness in terms of calcium carbonate or calcium sulphate. With 
irrigating waters the latter form is to be preferred. Therefore, the difference between 
the number of cc. of the sulphuric acid required and one-half of the number of cc. of 
the sodium carbonate added, multiplied by the factor 0.00136, gives the equivalent 
of calcium sulphate in 100 cc. of the water. 

(2) If more sulphuric acid is required than that equivalent to one-half of the sodium 
carbonate added, black alkali was originally present in the solution, and the difference 
in cc, multiplied by the factor 0.00106, gives the black alkali in terms of sodium car- 
bonate in 100 cc. of water. 

BIBLIOGRAPHY. 
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• J. Am. Ghem. Soc., 1916, 38: 2326. 
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•J. Am. Ghem. Soc., 1899, 21: 359. 

• Z. angew. Ghem., 1902, 15: 193; Standard Methods of Water Analysis, Am. Pub. 
H. Assoc, 3rd ed., 1917, p. 34. 



IV. TANNING MATERIALS.— TENTATIVE. 

EXTRACTS. 

1 PREPARATION OF SOLUTIOlf . 

(a) Solid extracts, — Grind aolid extracts in a large porcelain mortar, so that the 
material will pass through a 10 mesh sieve, mix thoroughly and weigh out a quantity 
containing 3.75-4.25 grams of tannin. This should be done as rapidly as possible to 
avoid change in moisture content. Pour into 100 cc. of water at 85^C., place on a 
steam bath and stir until a homogeneous solution is obtained. Transfer to a 1 liter 
flask with 800 cc. of water at 85°C. Allow to cool overnight at a temperatinre not 
below 19*C., bring to 20*'C. by placing the flask in water, the temperature of which is 
not below 19°C., and make up to 1 liter. 

(b) Fluid extracts. — Allow fluid extracts to come to room temperature and mix 
thoroughly. Weigh out rapidly a quantity containing 3.75-4.25 grams of tannin. 
I>issolve by washing into a 1 liter flask with 900 cc. of water at 85*^0. AUow to cool 
and make up to 1 liter at 20*^0., as described under 1 (£1). 

After the preparation of the solutions, proceed at once with the analysis. 

2 TOTAL SOLIDS. 

Thoroughly mix the prepared solution, pipette at once 100 cc. into a tared flat- 
bottomed glass dish, 2i-3 inches in diameter, and (1) evaporate and dry for 16 hours 
in a combined evaporator and dryer^ at 98°-100''C.; or, (2) after evaporating on the 
steam bath, dry for 12 hours on the bottom of a water oven at 98°-100°C. Remove 
immediately to desiccators containing sulphuric acid (place no more than 2 dishes in 
1 desiccator) and weigh rapidly when cooled. Calculate the percentage of total solids. 

SOLUBLE SOLIDS. 

3 PRfiPARATION OF FILTEB. 

The kaolin used should be neutral to phenolphthalein and should not yield more 
than 1 mg. of soluble solids per 100 cc. of filtrate of a 1 per cent suspension after an 
hour's digestion at 20°C. 

Add about 75 cc. of the solution, as pr^Mired under 1, to 1 gram of the kaolin in a 
beaker. Stir and pour immediately into a single, 15 cm. No. 590, S. & S. or No. IF. 
Swedish folded filter. Return the filtrate to the paper when approximately 25 cc. 
have run through, repeat the operation for an hour, thus transferring all the kaolin to 
the paper. At the end of an hour, discard the solution on the filter by siphoning it 
off, disturbing the kaolin as little as possible. An ordinary wash bottle serves well 
for this purpose. 

4 DETERMINATION. 

Bring about 150 cc. of the original solution, as prepared under 1, to exactly 20°C. 
FiU the filter, prepared as under 3, with this solution and discard the filtrate until 
it runs through clear. Keep the filter fuU, the temperature of the filtering solution 
at 20*'-25®C., and the funnel and receiving vessel covered. Pipette at once 100 cc. of 
the clear filtrate into a tared dish, evaporate and dry as directed under 2. Calculate 
the percentage of soluble solids. 

43 
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5 Ilf SOLUBLE SOLIDS. 

The difference between the percentage of the total solids and the percentage of 
soluble soUds is the percentage of the substance insoluble in water at 20°-25^C. 

IIOllTAJIfllllS. 

6 BBAGENTS. 

Hide powder. — ^This should be of woolly texture, well delimed, and 10 grams of the 
water-free powder should require 12-13 cc. of N/10 sodium hydroxid to neutralize it. 

Calculate the amount of air-dry hide powder which will be required for the number 
of determinations to be made, on a basis of 13 grams of air-dry hide powder for each 
determination. Increase this calculated amount by 35 grams of dry hide powder to 
provide a sufficient cunount for all the determinations. 

Thoroughly digest the total amount of hide powder with 10 times its weight of 
water. Then for each gram of the air-dry hide powder, so digested, add 1 cc. of 3 per 
cent chrome alum solution; and either agitate frequently for several hours and let stand 
overnight or agitate in some form of mechanical shaker for an hour. Transfer to a 
strong linen filter and squeeze thoroughly. Remove from the filter and digest for 15 
minutes with a quantity of water equal to 15 times the weight of the dry hide 
powder employed. Filter and squeeze to approximately 73 per cent of water, using a 
press if necessary. Very strong pressure is required to reduce the water content 
below 70 per cent. Repeat the digestion and filtration 3 times. Determine mobture 
in 20 grams of the squeezed hide powder as directed under 2. 

7 DETERMINATION. 

Place 46 grams of the wet hide powder in a suitable container of about 300 cc. capacity, 
add 200 cc. of the tanning solution, as prepared under 1, and shake for 10 minutes in 
a mechanical shaker. Squeeze immediately through linen, add 2 grams of kaolin, as 
used under 3, to the filtrate which contains the nontannins, stir and filter through a 
single, folded 18.5 cm. filter paper (No. IF. Swedish, preferred), refiltering until the 
filtrate is clear. The filtrate should give no precipitate with a gelatin-salt solution 
( 1 % gelatin and 10% salt) . Pipette 100 cc. of the filtrate into a tared dish and evaporate 
as directed under 2. Correct the weight of the nontannin residue for the dilution 
caused by the water retained in the wet hide powder. Calculate the percentage of 
nontannins. 

8 TANmN. 

The difference between the percentage of the soluble solids and the percentage of 
nontannins is the percentage of tannin. 

DETECTION OF SULPHXTB-CBLLULOSB. 

9 REAGENTS. 

Sulphite-cellulose solution, — Dissolve 0.5 gram of the total solids, derived from 
sulphite-cellulose, in 1 liter of water and add sufficient tanning material, free from 
sulphite-cellulose, to give a concentration of 3.75-4.25 grams of tannin per liter. 
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DETERMINATION. 



Place 5 cc. of the tanning solution, prepared as under 1, in a test tube; add 0.5 cc. 
of anilin and shake well; then add 2 cc. of concentrated hydrochloric acid and mix 
again. Compare the precipitate formed with that produced when the above sulphite- 
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cellulose solution is similarly treated. Sulphite-cellulose is held to be present, in the 
predetermined absence of the synthetic tanning material, Neradol-D, if the volume of 
the precipitate approximately equals or exceeds that of the comparison solution. 

LIQUORS. 

11 PREPARATIOll OF SOLUHON. 

Dilute the liquor with water at room temperature to contain approximately 0.7 gram 
of solids in 100 cc. of solution. If the liquor does not give a proper solution with water 
at room temperature, it may be diluted with water at SO^^C, and then cooled to 20*^0. 
as directed under 1 (a). 

12 TOTAL SOUDS. 
Proceed as directed under 2. 

13 SOLQBUB SOLIDS. 
Proceed as directed under 4. 

14 NONTANlfllTS. 

Proceed as directed under 7, using the amount of wet chromed hide powder which 
will give the ratio between the tannin and hide powder shown in the following table: 



TANNIN RANGE PBR 


DRY BIDS POWDBR 


100 CC. 


pbr200cc. 


0niiiii 


§ram$ 


0.35—0.45 


9.0—11.0 


0.25—0.35 


6.5- 9.0 


0.15—0.25 


4.0— 6.5 


0.00—0.15 


0.0— 4.0 



TOTAL ACIDITY. 
15 REAGENTS. 

(a) Hematin solution. — Digest 0.5 gram of hematin in 100 cc. of cold neutral 95 
per cent alcohol. 

(b) Gelatin solution. — Dissolve 10 grams of gelatin in hot water, cool, add 25 cc. of 
95 per cent alcohol and dilute. If the gelatin solution is acid or alkaline, neutralize with 
N/10 sodium hydroxid or N/10 acetic acid, respectively, using hematin solution as 
indicator and make up to 1 liter. 

(C) Kaolin. — Digest with dilute hydrochloric acid, wash until it complies with the 
tests given under 3, dry and preserve in a tightly stoppered bottle. 

(d) iV/10 sodium hydroxid. 
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DETERMINATION. 



Add 25 cc. of the gelatin solution to 25 cc. of the tanning liquor in a stoppered 
cylinder, dilute with water to 250 cc., add 15 grams of the kaolin and shake vigorously. 
Allow to settle for at least 15 minutes, remove 30 cc. of the supernatant liquid, dilute 
with 50 cc. of water and titrate with N/10 sodium hydroxid, using the hematin solution 
as indicator. Each cc. of N/10 sodium hydroxid is equivalent to 0.2 per cent of acid, 
calculated as acetic, in the liquor. 
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RAW AND SPENT HATBRIAI^. 
(Under raw materials are included woods, barks, leaves, etc.) 

17 HOISTDRE IN SAMPIS AS RECEIVED. 

Cut or break up large pieces and mix the sample rapidly to avoid change in moisture 
content. Dry as directed under 2, a suitable weighed quantity, dependent upon the 
physical ctmditian and moisture content of the sample. 

18 PRBPARAnon OF SAUPLE. 

Dry the remainder ot the sample at a temperature not above 60°C., and grind to 
pass through a 20 meeh sieve. 

19 ^ HOisnntE in prepared sample. 

Take 10 grains of the sample prepared in 18. dry as directed under 2, and calculate 
all results to an "as received", "air dry", or "moisture free" basis as desired. 



FIG. a. METAL EXTRACTOH USED FOR EXTBACTmG TANNING MATEItlALS. 

(For spent materials approximate the following quantities as closely as possible.) 
Place a quantity of the dried sample, containing 3.75-4.25 grams of tannin, in ■ 
beak^ and wet thoroughly with hot water. Place a perforated porcelain plate in a 
tin-lined copper extractor of the general form shown in Fig. 2, and on the plate place 
a layer of cotton and wet thoroughly with water. Connect the extractor with an 
800 cc. Erienmeyer flask (G). open the stop-cock (£:) and close the outlets (C) and 
(D). Pour into the extractor the material to be extracted, washing it into the extractor 
with hot water. Return the percolate through the extractor until it is practically 
clear. Place a layer of cotton on top of the material. Close the stop-cock (£). connect 
with an 800 cc. Erienmeyer flask containing about 650 cc. of water, connect (D) by a 
delivery tube with a liter graduated collecting flask, return the total percolate to the 
extractor and connect by means of the metal cap (B) with a block tin condenser [A) 
in euch a way that the. condensate will drip upon the layer of cotton. Boil the water 
in the flask, and collect 400-500 cc. of percolate from the side tube (D). Open the 
stop-cock (E) and close the side tube (D), add water to the flask (G), if neceasary. 
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until it contains about 250 cc. and extract for 5 hours. Remove the extract, add 200 cc. 
of water to the boiling flask and continue the extraction for 9 hours. Throughout 
the extraction heat at such a rate that approximately 330 cc. of water will be condensed 
per hour. Combine all the extracts in the graduated liter flask in which the first 
percolate was received. Heat to 80*^0., cool as directed under 1 (a) and make up 
to the mark. 

21 ANALYSIS OF THE EXTRACT. 

Proceed as directed under 2*8, inclusive. If more dilute solutions than the directions 
specify are employed in the determination of nontannins, the amount of hide powder 
used is reduced, as directed under 14. 

BIBLIOGRAPHY. 
1 J. Am. Leather Chem. Assoc., 1906, 1: 32. 



V. LEATHERS.— TENTATIVE. 
VBGETABLE TANNED LEATHER. 

1 PRBPARATION OP SAMPLE. 

Grind the sample, without undue heating, and pass through a 10 mesh sieve. The 
ground sample must not contain hard lumps. Plane heavily greased leathers (con- 
taining more than 20 per ooit fat) into very thin shavings. Spread out the prepared 
sample and allow it to return to atmospheric moisture condition; mix thoroughly, and 
place in tightly covered containers. 

2 MOISTURE. 

Place 10 grams of the sample, as prepared under 1, in a tared, wide, shallow, weigh- 
ing bottle (or a similar dish which can be covered tightly), and dry in a water oven 
for 15 hours at QS^'-IOO^C. Cover the weighing bottle, cool in a desiccator containing 
sulphuric acid and weigh. The moisture present in the leather as received may be 
determined by cutting it quickly into small pieces and drying without grinding as 
directed above. 

3 TOTAL ASH. 

Incinerate slowly 5 grams of the sample, as prepared under 1, at a dull red heat. 
If difficulty is experienced in burning off the carbon, leach the residue with hot water, 
filter on an ashless filter, dry and ignite the filter and residuie, add the filtrate, evaporate 
to dryness and ignite. Cool in a desiccator containing sulphuric acid and weigh. 

The ash may be examined for acids and bases by any suitable method. Alumin- 
ium, magnesium, sodium, barium, calcium and lead are the bases, and hydrochloric 
and sulphuric acids are the acids which it may be necessary to determine. 

4 IlfSOLUBLE ASH. 

Incinerate slowly the residue from the extraction of water-soluble material, obtained 
in 6 or 7, until all the carbon is burned off, cool in a desiccator containing sulphuric 
acid and weigh. 

5 PATS. 

Place, without packing, 15 grams of the leather, as prepared under 1, in a Soxhlet or 
Johnson extractor with a layer of fat-free cotton above and below the sample. Extract 
^10 hours with petroleum ether distilling between 50° and 80°C. Heavily greased 
leathers (containing 15 per cent or more fat) will require the maximum time. Remove 
the receiving flask, evaporate the petroleum ether on the steam bath and dry the fat 
residue for 3 hours in a water oven at 98°-100°C., cool in a desiccator and weigh. Repeat 
the drying in the water oven for periods of 1-1 } hours, cooling and weighing as before, 
until no further loss in weight occurs. Retain the leather residue from the fat extrac- 
tion for the extraction of water-soluble material as directed under 6. 

EXTRACTION OF WATER-SOLUBLE MATERIAL. 

6 Method I. 

Evaporate the petroleum ether from the fat-free leather, obtained under 5, and 
moisten thoroughly with 100-150 cc. of water. Place a layer of cotton in the bottom 
of a Soxhlet extractor designed for making extractions at temperatures below lOO'^C. 

49 
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« 

The water jacket of an extractor of this kind surrounds that portion of the appa- 
ratus containing the sample but does not enclose the side tube wnich carries the hot 
vapors to the condenser. 

Transfer the moistened fat-free leather to the extractor and cover it with another 
layer of cotton to avoid siphoning off solid particles. Maintain the temperature of the 
jacket surrounding the Soxhlet at 50*'C. (1) Pour 200 cc. of water (including that 
used in moistening the leather) into the Soxhlet and allow it to siphon into the flask 
below, then heat and extract for an hour. Remove the flame and transfer the extract 
to a liter graduated flask. Then add water and continue the extraction as directed 
below, removing and transferring the extract to the hter flask before each fresh addition 
of water. 

(2) Add 175 cc. of water and extract for 2 hours. 

(3) Add 175 cc. of water and extract for 3 hours. 

(4) Add 175 cc. of water and extract for 4 hours. 

(5) Add 175 cc. of water and extract for 4 hours. 

Transfer the last portion of the extract to the graduated flask. This gives 14 hours* 
extraction and an extract which does not exceed 1 liter in volume. Dilute to 1 liter at 
room temperature and mix thoroughly. 

7 Method II, 

(This method is the same in principle as the official method of the American Leathw 
Chemists Association^) 

Extract 30 grams of the leather prepared as directed under 1 with petroleum ether 
as directed under 5; evaporate the solvent from the leather and digest overnight with 
about 200 cc. of water. Transfer the leather and extract to a percolator. Continue 
the extraction by percolating with water at 50°C. CoUect 2 liters of percolate, regu- 
lating the flow of water at such a rate that 2 liters will be coUected in 3 hours. Dilute 
to volume at room temperature and mix thoroughly. 

To the extract, prepared according to 6 or 7, add a few drops of toluol to prevent 
fermentation of sugars, and reserve for the determination of glucose, total solids, 
soluble solids and nontannins. 
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GLUCOSE. 



PREPARATION OF SOLUTION. 



To 200 cc. of the leather extract, as prepared under 6 or 7, add 25 cc. of a saturated 
solution of neutral lead acetate, mix thoroughly and filter at once through a dry, 
folded filter, returning the first portions of the filtrate to the filler until the filtrate 
becomes clear. Keep the containers and the funnel covered during these operations. 
Without waiting for the entire filtrate to run through add 10-12 grams of solid potassium 
oxalate, shake frequently during 15-20 minutes and filter through a dry, folded filter 
returning the first runnings to the filter until the filtrate runs clear. Pipette 150 cc. 
of the last filtrate into a 600 cc. Erlenmeyer flask, add 5 cc. of concentrated hydro- 
chloric acid and boil under a reflux condenser for 2 hours. Cool, neutralize with solid 
sodium carbonate, using a few drops of methyl orange as indicator, transfer to a 200 cc. 
volumetric flask and complete to volume with water. Filter through a double filter 
and return the first runnings until the filtrate becomes perfectly clear. Determine the 
dextrose in the filtrate immediately. 
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9 DETERMINATION. 

Determine dextrose in 50 cc. of the solution, as prepared under 8, equivalent to 0.5 
KTam of leather, according to VII, 25, weighing directly as cuprous oxid, VII, 26, 
and express the result as glucose. 

10 TOTAL SOLIDS. 
Determine as directed under IV, 2. 

11 SOLUBLE SOUDS. 

Determine as directed under IV, 4. 

12 NONTANNINS. 
Determine as dire<;ted under IV, 7. 

13 SOLUBLB TANNIN. 

The difference between the percentage of the soluble solids and the corrected non- 
tannins is the percentage of tannin. 

14 NITROGEN. 
Determine as directed under I, 21. 

15 HIDE SUBStANCE. 

Multiply the percentage of nitrogen by 5.62. The result will be the percentage of 
hide substance present. 

16 COMBINED TANNIN. 

Deduct the sum of the percentages of moisture, under 2, insoluble ash, under 4. 
fats, nnder 5, soluble solids, under 11, and hide substance, under 15, from 100. The 
rpsult will be the percentage of combined tannin. 

BIBLIOGRAPHY. 
'J. Am. leather Chem. Assn., 1915, 10: 122. 



VI. INSECTICIDES AND FUNGICIDES. 

GENERAL METHOD. 

1 PREPARATION OF SAMPLS.— TBNTATIVB. 

Thoroughly mix aU samples before analysis. Make water-soluble arsenic deter- 
minations on samples as received without further pulverization or drying. In the case 
of lye, sodium cyanid <Hr potassium cyanid, weigh large quantities in weighing bottles 
and analyze aliquots of the aqueous solutions. 

PARIS ORBEIf . 

2 MOISTURB.-— TBNTATIVB. 

Dry 2 grams at 105*^-11 O^G. for 5 hours and express the loss in weight as moisture. 

TOTAL ARSENIC ^—OVnCIAL. 

(Arsenic, present as arsenate, is titrated as arsenious oxid.) 

3 REAGENTS. 

(a) starch indicator, — Mix about 0.5 gram of finely powdered potato starch with 
odd water to a thin paste; pour into about 100 cc. of boiling water, stirring constantly, 
and discontinue heating immediately after the paste is added. 

(b) Standard artenious oxid soluiion. — Dissolve 2 grams of pure arsenious oxid in a 
beaker by boiling with about 150-200 cc. of water containing 10 cc. of concentrated 
sulphuric add, cool, transfer to a 500 cc. graduated flask and dilute to the mark. 

(C) Standard iodin solution. — ^Prepare an approximately N/20 solution as follows: 
Mix intimately 6.35 grams of pure iodin with twice its weight of pure potassium iodid. 
Dissolve in a smaU amount of water, filter and dilute the filtrate to 1 liter in a liter 
graduated flaak. Standardize against (b) as follows: Pipette 50 oc. of the arsenious 
oxid into an Erlenmeyer flask, dilute to the same volume as that of the aliquot used for 
the titration in the actual determination, neutralize with sodium bicarbonate, add 
4-5 grams in excess and add the standard iodin solution from a burette, shaking the 
flask continuously, until the yellow color disappears slowly from the solution, then add 
5 cc. of the starch indicator and continue adding the iodin solution, drop by drop, until 
a permanent blue color is obtained. Calculate the value of the standard iodin solution 
in terms of arsenious oxid (As^O^) and arsenic oxid (AsiOt). For the conversion of 
arsenious oxid (AsjOs) to arsenic oxid (AstOs) multiply by 1.1617. Occasionally re- 
standardize the iodin against the standard arsenious oxid solution. 

4 APPARATUS. 

The apparatus used is shown in Fig. 3. The distillation flask rests on a metail gauze 
which fits over a circular hole in a heavv sheet of asbestos board, which in turn extends 
out far enough to protect the sides of the flask from the direct flame of the burner. 
The first flask which receives the distillate is of 500 cc. capacity and contains not 
more than 40 cc. of water, the second is of 1000 oc. capacity and contains 100 oc of 
water. The volume of water in the first flask should not exceed 40 cc.. otherwise a 
compound of arsenic will separate when the hot acid vapors strike the cold water, 
which can not readily be got into solution without danger of loss of arsenious chlorid. 
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Both these flasks should be placed in a pan and kept surrounded with water and cracked 
ice. The third flask, containing suiBcient water to seal the end of the glass tube leading 
into it. is added as a precaution. It is almost never found to contain arsenic. 

5 DETERMINATION. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 250 <*c. 
of the standard iodin solution, and wash into the distillation flask by means of 100 <*<*. 
of concentrated hydrochloric acid (sp. gr. 1.19). Add 5 grams of cuprous chlorid 
(CusQs) and distil. 

When the volume in the distillation flask is reduced to about 40 cc, add 50 cc. of 
concentrated hydrochloric acid by means of the dropping funnel and continue the 
distillation until 200 cc. of the acid distillate have passed over. Then wash down tlie 
condenser and all the connecting tubes carefully, transfer these washings and the con- 
tents of the 3 Erlenmeyer flasks to a liter graduated flask and dilute to the mark. Mix 
thoroughly, pipette 400 cc. into an Erlenmeyer flask and nearly neutralize with a 
saturated solution of sodium or potassium hydroxid, using a few drops of phenolpbth- 
alein as indicator, keeping the solution well cooled. If the neutral point is passed, add 
hydrochloric acid until again slightly acid. 

Continue as directed under 3 (C) beginning with '^neutralize with sodium bicar- 
bonate". The number of cc. of iodin used in this titration represents directly the total 
per cent of arsenic in the sample expressed as arsenious oxid (As^s). 




FIG. 3. APPARATUS FOR DISTILLATION OF ARSENIOUS CHIX)RID. 



TOTAL ARSBNTOpS OXID. 

(The following methods determine only the arsenic present in the form of the -ous 
oxid, AsfOs. They also determine any antimony whi<*h may be present in the form of 
Sb«Oi. Ferrous and cuprous salts vitiate the results.) 

Method ly—Tmiaiive. 

6 REAGENTS. 

Hie reagents and solutions used are described under 3. 
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7 DErnBRMINATION. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 100 cc 
of the standard iodin solution, wash into an Erlenmeyer flask with 10-15 cc. of dilute 
hydrochloric acid (1 to 1), followed by about 100 cc. of water and heat on the steam 
bath only as long as is necessary to complete solution, at a temperature not exceeding 
60^C. Cool, neutralize with sodium bicarbonate, add 4^5 grams in excess and then 
sufficient 25 per cent ammonium chlorid solution to dissolve the precipitated copper. 
Dilute somewhat and titrate as directed under 3 (C). A correction must be applied 
for the amount of iodin solution necessary to produce a blue color with starch in the 
presence of copper (using an equivalent weight of copper sulphate). The corrected 
number of cc. of the standard iodin solution used represents directly the per cent of 
arsenious oxid (AsiOs) in the sample. 

8 Method in.—Tenlative, 

Proceed as directed under 7, using dilute sulphuric acid (1 to 4) instead of dilute 
hydrochloric. The solution in this case may be heated to boiling. 

SODIUM ACBTATE-SOLUBLB ARSBNIOUS OXID. <— TENTATIVE. 
9 REAGENTS. 

(a) Sodium acetate sotution. — Prepare a solution containing 12.5 grams of the crys- 
tallized salt (CHiC00Na3H,0) in each 25 cc. 
The other reagents are described under 3. 
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DETERiaNATIGN. 



Place 1 gram of the sample in a 100 cc. flask and boil for 5 numites with 25 cc of the 
sodium acetate. Dilute to the mark, shake and pass through a dry filter paper. Titrate 
an aliquot of this filtrate as directed under 3 (C). Calculate the amount of arsenious 
oxid (AsjOa) present and express the result as per cent of sodium acetate-soluble arse- 
nious oxid. 

Water-soluble arsenious ozm.— tehtative. 

1 1 reagents. 

The reagents and solutions used are described under 3. 

12 determination. 

To 1 gram of the sample in a liter Florence flask add 1 liter of recently boiled water 
which has been cooled to exactly 32°G. Stopper the flask and place in a water bath kept 
at 32^C. by means of a thermostat. Digest for 24 hours, shaking hourly for 8 hours 
during this period. Filter through a dry filter and titrate 250 oc. of the filtrate as directed 
under 3 (C). Correct for the amount of the standard iodin necessary to produce the 
same color, using the same reagents and volume. Calculate the amount of arsenious 
oxid (AsfOs) present and express the results as i>er cent of water-soluble arsenious oxid 

TOTAL COPPER OXID. 

13 Electrolytic Method.— Official 

Treat 2 grams of the sample in a beaker with 100 cc. of water and about 2 grams of 
sixlium hydroxid and boil thoroughly until all the copper is precipitated as cuprous 
oxid. Filter, wash well with hot water, dissolve the precipitate in hot dilute nitric acid, 
cool, transfer to a 250 cc. graduated flask and dilute to the mark. (1) Use 50-100 cc. of 
this solution for the electrolytic determination of copper as directed under VII, 32, and 
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calculate to per cent of cupric oxid; or, (2) Electrolyze the aliquot in a weighed 150 cc. 
platinum dish, using a rotating spiral anode and a current of about 3 amperes. After 
all the copper is deposited (requiring about 30 minutes), wash the dei)06it with water 
by siphoning, then rinse with alcohol, dry for a few minutes in an oven, weigh and 
calculate to per cent of cupric oxid. 

14 Thiosulphaie Methods^,— Official. 

Determine copper in another aliquot of the nitric acid solution of copper oxid, under 
13, by titrating ¥rith N/20 thiosulphate solution, as directed under VII, 28, and 
calculate to per cent of cupric oxid. 

LOIfDOIf PURPLE. 

15 MOISTURE.^-TBNTATIVB. 
Proceed as directed under 2. 

TOTAL ARSSNIOUS OZID*.-^FFICIAL. 

16 REAGENTS. 

The reagents and solutions used are described under 3. 

17 DETERMINATTON. 

Dissolve 2 grams of the sample in a mixture of about 80 cc. of water and 20 cc. of 
concentrated hydrochloric acid at a temperature of GO'^-TO^C; filter and wash untfl 
the combined filtrate and washings measure 250 cc. Treat 100 cc. of this solution with 
sodium bicarbonate in excess, transfer to a 500 cc. volumetric flask and make up to the 
mark, adding a few drc^s of ether to destroy the bubbles. Mix thoroughly and pass 
through a dry filter. Titrate 250 cc. of the filtrate as directed under 3 (C) and calculate 
the per cent of arsenious oxid. 

TOTAL ARSBNIC OXID ^— OFFICIAL. 

18 REAGENTS. 

The reagents and solutions used are described under 3. 

19 DETERMINATION. 

Boil, on a hot plate or over a low flame, 2 grams of the sample with 5 oc. of concen- 
trated nitric acid and 20 cc. of concentrated sulphuric acid in a Kjeldahl digestion flask 
or a covered casserole. After 10-15 minutes add fuming nitric acid or powdered sodium 
nitrate, in small quantities at a time, until all organic matter is destroyed and the 
solution IS practicaUy colorless. God], add about 50 cc. of water (to decompose any 
nitro-sulphuric acid formed) and heat again until all nitric acid fumes aie expelled. 
Cool, transfer to a 250 cc. volumetric flask, make up to the mark with water, mix thor- 
oughly and filter through a dry filter. 

Transfer 50 cc. of this filtrate to a 400 cc. Erlenmeyer flask, dilute with water to 100 
cc, add 1 gram of potassium iodid", heat to boiling and evaporate to about 40 cc. (not 
less). Cool, dilute to 150-200 cc., and remove the excess of iodin with N/20 sodium 
thiosulphate. In case the solution is slightly colored from organic matter or from any 
cause other than free iodin, add the thiosulphate until it is nearly colorless, then a few 
drops of the starch indicator and continue adding the thiosulphate slowly until the 
blue color just disappears. Continue at once as directed under 3 (C) beginning with 
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**Deutrafize with sodium bicarbonate'*. Subtract from this reading the number of oc. 

of the standard iodin sohition corresponding U> the arsenious oxid obtained in 17. 

Calculate the per cent of arsenic oxid in the sample. 

\ 

20 WATBR-SOLUBLB ARSBIIIOirS OXID.— TENTATIVE. 

Proceed as directed under 12, slightly acidifying the aliquot employed with hydro- 
chloric acid before adding the excess of sodium bicarbonate. 

WATER-SOLUBLE ARSBNIOUS OXID.— TBNTATIVB. 

21 REAGENTS. 

The reagents and solutions used are described under 3. 

22 DETERMINATION. 

Transfer an aliquot, 250 oc., of the water extract, from 20, to a casserole, add 5 cc. 
of concentrated sulphuric acid, evaporate to a small volume and heat on a hot plate 
till white fumes of sulphuric acid appear. Cover the casserole and add 1-2 cc. of fuming 
nitric acid and again heat till the appearance of white fumes. Cool, add a little water 
and, in order to expel the last traces of nitric acid, once more evaporate till white fumes 
appear. Cool, dilute to about 100 cc. with water, add 1 gram of potassium iodid^ and 
sufificient sulphuric acid to make the total amount present about 5 cc. Boil until the 
volume is reduced to about 40 cc. Cool, dilute to about 200 cc., remove the excess 
iodin with N/20 sodium thiosulphate and t^roceed as directed under 3 (C) beginning 
with ''neutralize with sodium bicarbonate**. Correct for the amount of the standard 
iodin solution necessary to produce the same color, using the same reagents and 
volume. Subtract from the corrected titration reading the number of cc. of the stand- 
ard iodin solution corresponding to the arsenious oxid, obtained under 20. Calculate 
the per cent of arsenic oxid present. 

LEAD ARSENATE. 

23 MOISTtntB.— TEITTATIVE. 

(a) Powder. — Dry 2 grams to constant weight at 105^-110" C. and report the loss in 
weight as moisture. 

(b) Pa^te. — Proceed as under (a), using 50 grams. Grind the dry sample to a fine 
powder, mix weU, transfer a small portion to a sample bottle and again dry for 1-2 
hours at 105*^-1 lO^C, and use this anhydrous material for the determination of totn] 
lead oxid and total arsenic. 

TOTAL LEAD OXIB. 

24 Method P.— Official. 

Heat, on a hot plate, 0.6906 gram of the dry powdered sample with about 25 oc. of 
dilute nitric acid (1 to 4) in a 600 cc. beaker. If necessary, remove any insoluble residue 
by filtration. Dilute to at least 400 cc, heat nearly to boiling, add ammonium hydroxid 
to incipient precipitation, then dilute nitric acid (1 to 10) to rediasolve the precipitate, 
adding 1-2 cc. in excess. Pipette into this solution, kept almost boiHng, 50 cc. of a hot 
10 per cent potassium chroma te solution, stirring constantly. Decant while hot through 
a weighed Goocb, previously heated at 140**-150**C., wash several times by decanta- 
tion and then on the filter with boiling water until the washings are colorless. Dry the 
lead chromate at 140*'-150°C. to constant weight. The weight of lead chroma te. multi- 
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plied by 100, gives the per cent of lead monoxid (PbO) in the dried sample. The lead 
chromate precipitate may contain a small amount of lead arsenate which causes slightly 
high results. This error rarely amounts to more than 0.1-0.2 per cent. 

Method ir^.—Teniaiive. 

(Not applicable in the presence of calcium.) 

25 REAGENTS. 

Acidified alcohol. — Mix water 100 parts: 95 jier cent alcohol 200 parts; and conr-en- 
t rated sulphuric acid 3 parts by volume. 
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DETERMINATION. 



Heat, on a hot plate, 0.7360 gram of the dry powdered sample with about 25 cc. of 
dilute nitric acid (1 to 4) in a porcelain evaporating dish or casserole. Remove any 
insoluble residue by filtration. Add 3 cc. of concentrated sulphuric acid and evaporate 
on the hot plate to the appearance of white fumes. It is important that all nitric acid 
be expelled. Cool, add 50 cc. of water and about 100 cc. of 95 per cent alcohol, let 
stand several hours (preferably over night) and filter through a weighed Gooch cnidbie, 
previously washed with water, the acidified alcohol and 95 per cent alcohol, and drie<l 
at 200°C. Wash the precipitate of lead sulphate in the crucible about 10 times with 
the acidified alcohol and then with 95 per cent alcohol until free from sulphuric acid. 
Dry at 200''C. to constant weight, keeping the crucible covered to prevent loss by 
spattering. The weight of the lead sulphate, multiplied by 1(X), gives the per cent of 
lead monoxid (PbO) in the dried sample. 

TOTAL ARSENIC. 
27 MeUiod 1 K'-Official. 

Proceed as directed under 5, using an amount of the sample equal to the arsenic oxid 
equivalent of 500 cc. of the standard iodin solution and titrating a 200 cc. aliquot of the 
distillate. The number of cc. of the standard iodin solution used represents directly 
the total per cent of arsenic in the sample expressed as arsenic oxid (AstO«). 

Method IPK— Official, 

(Not applicable in the presence of antimony.) 

28 REAGENTS. 

The reagents and solutions used are described under 3. 

29 DETERMINATION. 

Dissolve an amount of the powdered sample equal to the arsenic oxid equivalent of 
400 cc. of the standard iodin solution, in dilute nitric acid in a porcelain casserole or 
evaporating dish. Add 5 oc. of concentrated sulphuric acid and heat on the hot plate to 
copious evolution of white fumes. Cool, add a little water and again evaporate until the 
appearance of white fumes to assure removal of the last trace of nitric acid. Wash into a 
200 cc. graduated flask with water, cool, make up to the mark and filter through a dry 
filter. Transfer 100 cc. of the filtrate to an Erlenmeyer flask and proceed as directed 
under 22 beginning with *'add 1 gram potassium iodid** to ^'Subtract from the cor- 
rected titration reading'*. The number of cc. of the standard iodin solution used, 
divided by 2, represents directly the per cent of total arsenic in the sample expressed 
as arsenic oxid (AstO^). 
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W4TER>SOLUBLS A&SBinC OXID.— TSNTATIVB. 

30 REAGENTS. 

The reagents and solutions used are described under 3. 

31 DETERMINATION. 

To 2 Krams of the original sample, if a powder, <«* 4 grams, if a paste, in a liter Flor- 
ence flask, add 1 liter of recently boiled water which has been cooled to exactly 32°C. 
Stopper the flask and place in a water bath kept at 82°G. by means of a thermostat. 
Dii^est for 24 hours, shaking hourly for 8 hours during this period. Filter through a dry 
filter, transfer 250-500 cc. of the clear filtrate to an Erlenmeyer flask, add 3 oc. of 
concentrated sulphuric acid and evaporate on a hot plate. When the volume reaches 
about 100 cc. add 1 gram of potassium iodid, and continue the boiling until the volume 
is about 40 cc. Cool, dilute to about 200 cc., remove the excess iodin with N/20 sodium 
thiosulphate, avoiding the use of starch solutions at this point, and proceed as directed 
under 3 (C) beginning with '"neutralize with sodium bicarbonate**. Make correction 
for the amount of iodin solution necessary to produce the same color using the same 
reagents and volume. Calculate and report as per c^nt of water-soluble arsenic oxid 
(AsjO*). 

TOTAL ARSENIOUS OXI]>— TENTATIVE. 

32 REAGENTS. 



The reagents and solutions used are described under 3. 
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DKTERMINATION. 



Weigh an amount of the powdered sample equal to the arsenlous oxid equivalent of 
1 liter of the standard iodin solution, transfer to a 200 cc;. graduated flask, add 100 cc 
of dilute sulphuric acid (15 cc. of concentrated sulphuric acid and 85 oc. of water) and 
boil for 30 minutes. Cool, make to volume, shake thoroughly and filter through a dry 
filter. Nearly neutralize 100 cc. of the filtrate with a strong solution of sodium hydroxid. 
using a few drops of phenolphthalein as indicator. If the neutral point is passed, make 
acid again with dilute sulphuric acid. Continue as directed under 3 (C) beginning with 
"neutralize with sodium bicarbonate". The number of cc. of iodin used in this titra- 
tion, multiplied by 0.2, represents directly the per cent of arsenious oxid (AssOs) in the 
sample. 

TOTAL ARSBNIC OXID.— TENTATIVE. 
34 REAGENTS. 

(a) starch solution. — Prepare as directed under 3 (a). 

(b) Standard iodin solution. — Prepare as directed under 3 (C) but calculate in terms 
of arsenic oxid (AssOt). 

(C) Standard thiosulphate solution, — Prepare an Approximately N/20 solution as 
follows: Dissolve 13 grams cf crystaUized sodium thiosulphate in recently boiled and 
cooled water, filter and make up to 1 liter with recently boiled and cooled water. Stand- 
ardize as follows: Dissolve about 0.7 gram of lead hydrogen arsenate (PbHAs04) in 
50 cc. of concentrated hydrochloric acid in an Erlenmeyer flask. 

Pure PbHAsO^ may be prepared by pouring a solution of lead nitrate into a solution 
of potassium dihydrogen arsenate (KH1ASO4), which should be in excess. Collect the 
precipitate by filtration, dissolve it in the smallest possible quantity of boiling dilute 
nitric acid (1 to 4) and pour the solution into a large quantity of water. Coflect the 
precipitate by filtration and dry at llO^C. 
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If necessary to effect solution, heat on a steam bath, keeping the flask covo^ with a 
watch glass to prevent evaporation of the add. Cool to 20^-25^G., add 10 cc. of potas- 
sium iodid solution (20 grams of potassium iodid dissolved in water and diluted to 
100 cc.) and 50 cc. (or more if necessary to produce a clear solution) of ammoniunoi 
chlorid solution (25 grams of ammonium chlorid dissolved in water and diluted to 
100 cc.) and immediately titrate the liberated iodin with the standard thiosulphate. 
When the color becomes a faint yellow, dilute with about 150 oc. of water and con- 
tinue the titration carefully, drop by drop, until colorless, using starch solution as an 
indicator near the end point. From the weight of lead hydrogen arsenate and the 
number of cc. of sodium thiosulphate solution used, calculate the value of the latter 
in terms of arsenic oxid (As^s). (As«Ot in PbHAs04 ■■33.11%.) 
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DETBRMINATION. 



Weigh an amount of ^e powdered sample equal to the arsenic oxid equivalent of 
200 cc. of the standard thiosulphate solution, transfer to an Erlenmeyer flask, add 
25-30 cc. of concentrated hydrochloric acid and evaporate to dryness on a steam bath. 
Then add 50 cc. of concentrated hydrochloric acid and proceed as directed under 34 
(C), beginning with "If necessary to effect solution, heat on a steam bath". The 
number of cc. of thiosulphate solution used in this titration, divided by 2, represents 
directly the per cent of arsenic oxid (AsiOt) in the sample. 

CALCIUM ARSENATE. 

36 TOTAL ARSENIC— OFFICIAL. 

Proceed as directed under 5, using an amount of the powdered sample equal to the 
arsenic oxid equivalent of 250 oc. of the standard iodin solution. The number of cc. of 
the standard iodin solution used represents directly the total per cent of arsenic in the 
sample expressed as arsenic oxid (AsiOi). 

ZINC ARSENITE. 

37 TOTAL ARSENICA— OFFICIAL. 

Proceed as directed under 5, using an amount of the powdered sample equal to the 
arsenious oxid equivalent of 500 cc. of the standard ^odin solution and titrating a 200 cc. 
aliquot of the distillate. The number of cc. of the standard iodin solution used repre- 
sents directly the per cent of total arsenic in the sample expressed as arsenious oxid 

(Asrf)i). 

38 TOTAL ARSENIOUS ODD.— TENTATIVE. 
Proceed as directed under 7 or 8. 

COPPER CARBONATE. 

39 COPPER OXID.— OFFICIAL. 

Dissolve a weighed quantity of the substance in dilute nitric acid and determine 
copper as directed under 13 or 14. 

BORDEAUX MIXTURE. 

40 MOISTUR£.~OFFICIAL. 

(a) Powder, — Dry 2 grams to constant weight at lOS'^-llO^C. and express the loss 
in weight as moisture. 
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(b) Paste, — Heat about 100 grams in an oven at 90°-100**C. until dry enough to 
powder readily, and note the loss in weight. Powder this partially dried sample, and 
determine the remaining moisture in 2 grams as under (a). Determine carbon dioxid, 
as directed under 42, both in the original paste and in this partially dried sample. 
Calculate the total moisture by the following formula: 

M = a + (100-a) (b + c) -d in which 

M s per cent of total moisture in original paste; 

a a per cent loss in weight of original paste during first drying; 

b » per cent loss in weight of partially dried paste during second drying; 

c = per cent of carbon dioxid remaining in partially dried paste after first 
drying; 

d — per cent of total carbon dioxid in original paste. 
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CARBON BIOZIDi*.— OFFICIAL. 
APPARATUS. 



This consists of a 200 cc. Erlenmeyer flask closed with a 2-holed stopper; one hole is 
fitted with a dropping funnel the stem of which extends almost to the bottom of the 
flask; the outlet of a condenser, which is inclined upward at an angle of 30^ from the 
horizontal, passes downward through the other hole. The upper end of the condenser 
is connected with a calcium chlorid tube which in turn is connected with a double 
U-tube fiUed in the middle with pumice fragments, previously saturated with copper 
sulphate solution and subsequently dehydrated, and with calcium chlorid at either end. 
Then foUow two weighed U-tubes for absorbing the carbon dioxid, the first fiUed with 
porous soda-lime, and the second, -one-third with soda-lime and two-thirds with cal- 
ciiun chlorid, the latter reagent being placed at the exit end of the train. A Geissler 
bulb, partly fiUed with sulphuric acid, is attached to the last U-tube to show the rate 
of gas flow. An aspirator is connected with the Geissler bulb to draw air through the 
apparatus. An absorption tower fiUed with soda-lime is connected with the mouth of 
the dropping funnel to remove carbon dioxid from the air entering the apparatus. 

42 DETBBMINATION. 

Weigh 2 grams of the powder or 10 grams of the paste into the Erienmeyer flask, 
add about 20 cc. of water, attach the flask to the apparatus, omitting the two weighed 
U-tubes, and draw carbon dioxid-free air through the apparatus untU the original air 
is displaced. Then attach the weighed U-tubes in position, as described in 41, close 
the stop-cock of the dropping funnel, fill half full with dilute hydrochloric acid (1 to 1), 
reconnect with the soda-lime tower, and allow the add to flow into the Erlenmeyer 
flask, slowly if there is much carbon dioxid, rapidly if there is little. When effervescence 
diminishes, place a low Bunsen flame under the flask and start a flow of water through 
the condenser, a slow current of air being aUowed to flow through the apparatus at 
the same time. Maintain a steady but quiet ebullition, and a slow air current through 
the apparatus. Boil for a few minutes after the water has begun to condense in the 
condenser, then remove the flame and continue the aspiration of air at the rate of 
about 2 bubbles per second until the apparatus is cool. Disconnect the tared absorp- 
tion tubes, cool in the balance case and weigh. The increase in weight is carbon dioxid. 

COPPER. 

43 EUctrolylic Meihod,-OfficiaL 

Dissolve 2 grams of the dry powdered sample in 20 cc. of water and 5 cc. of con- 
centrated nitric acid, dflute to 100 cc., wash into a weighed 150 cc. platinum dish, and 
electrolyze, using a rotating spiral anode and a current of about 3 amperes. After all 
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the copper is deposited (reqtiiriiig about 30 minutes), wash the deposit with water b> 
siphoning, then rinse with alcohol, dry for a few minutes in an oven and weigh. Cal- 
culate the per cent of copper in the sample. 

44 Thiosulphale Method.— Official 

Dissolve 2 grams of the dry powdered' sample in about 50 cc. of 10 per cent nitric 
acid, add ammonium hydroxid solution in excess and heat; then, without removing 
the precipitate which is formed, boil off the excess of ammonia, add 5-10 cc. of acetic 
acid, cool, add 10 cc. of 30 per cent potassium iodid solution and titrate as directed 
under VII, 28. 

BORDEAUX MIXTURE WITH PARIS GREEN. 

45 MOISTURE.— OFFICIAL. 
Proceed as directed under 40. 

46 CARBON DIOZID.— OFFICIAL. 
Proceed as directed under 42. 

COPPBR. 

47 Method I,—Tenlalive. 

Dissolve 2 grams of the dry powdered sample in a few cc. of strong nitric acid, add 
25 cc. of a 3 per cent solution of hydrogen peroxid and warm for 5-10 minutes. Make 
slightly alkaline with ammonium hydroxid and then slightly acid again with dilute 
nitric acid. Transfer to a weighed 150 cc. platinum dish, add 15-20 cc. of hydrogen 
peroxid, dilute to 100 cc. and electrolyze, using a rotating spiral anode and a current 
not exceeding 2 amperes. After the electrolysis has proceeded for about 20 minutes, 
add to the electrolyte 0.5 gram of ferric sulphate dissolved in a few cc. of water to> 
gether with a drop or two of nitric acid. After all the copper is deposited, wash the 
deposit with water by siphoning, then rinse with alcohol, dry for a few minutes in an 
oveft, weigh and calculate the per cent of copper. (Do not pass the current for more 
than 5-10 minutes after all the copper has been deposited without adding more ferric 
sulphate solution.) 

48 Method II.— Tentative, 

Treat 1 gram of the dry powdered sample with 20 cc. of water and 5-6 cc. of con- 
centrated nitric acid, heat to boiling, cool, and add a slight excess of concentrated 
ammonium hydroxid. Wash the solution and precipitate into a weighed platinum dish 
of about 150 cc. capacity, and electrolyze, using a rotating anode and a current of 
about 4 amperes and 3-4 volts for about 90 minutes (or until all the copper is deposited). 
Wash the deposit by siphoning until it is clean, being careful not to use too much 
wash water. Dissolve the copper in 5 cc. of concentrated nitric acid, dilute to 
100 cc. and electrolyze as before, except that all the copper will be deposited in 30 
minutes. Wash the deposit with water by siphoning, then rinse with alcohol, dry for 
a minute or so in an oven, weigh and calculate the per cent of copper. 

49 TOTAL ARSBNIC— OFFICIAL. 

Proceed as directed under 5, using an amount of the dry powdered sample equal 
to the arsenious oxid equivalent of 500 cc. of the standard iodin solution. The number 
of cc. of the standard iodin solution used, divided by 2, represents directly the per 
cent of total arsenic in the sample expressed as cursenious oxid (AssOs). 
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TOTAL ARSBNIOIFS OZID. 

50 Method I—Teniaiive. 

Proceed as directed under 7, iiging an amount of the dry powdered sample equal 
to the arsenious oxid equivalent of 200 oc of the standard iodiu solution. Before titrat- 
ing, aU the copper must be in solution. The corrected number of cc. of the standard 
irxiin solution used, divided by 2, represents directly the per cent of total arseniou£ 
f>xid (AsfOs) in the sample. 

51 Meihod IL-^Tentathse. 
Proceed as directed under 8. 

52 WATBR-SOLUBLB ARSENIOUS OXID.— TENTATTVE. 

Proceed as directed under 20, using 2 grams of the sample. 

BORDEAUX MIXTURE WITH LEAD ARSENATE. 

53 MOISTURB.— OFFICIAL. 
Proceed as directed under 40. 

54 CARBON DIOZm.-^OFFICIAL. 
Proceed as directed under 42. 

55 COPPER.— TENTATIVE. 

Proceed as directed under 4^. 

56 LEAD OXID'.- TENTATIVE. 

Dissolve the lead peroxid (which will oontain a Uttle arsenic) from the anodes used 
in the copper electrolysis, under 55, by means of dilute nitric acid and a Uttle hydrogen 
peroxid, and add to this solution the washings from both electrolyses of copper. Add 
ammonium chlorid to. dissolve any lead sulphate which may have precipitated out and 
make the solution up to 1 liter. Concentrate a 500 cc. aliquot of this solution to about 
300 cc. (all hydrogen peroxid must be expelled from the solution), transfer to a 400 cc. 
beaker and precioitate the lead as lead chromate as directed imder 24. 

57 TOTAL ARSENIC'.— OFFICIAL. 

Prcx:eed as directed under 5, using an amount of the dry powdered sample equal to 
the arsenic oxid equivalent of 500 cc. of the standard iodin solution. The number of 
re. of the standard iodin solution used, divided by 2, represents directly the per cent 
of total arsenic in the sample expressed as arsenic oxid (As^Oft). 

58 WATER-SOLtlBLE ARSENIC OXID. — TENTATIVE. 
Proceed as directed under 31. 

SODIUM AND POTASSIUM CYANIDS. 

59 CYANOGEN ' ^— OFFICIAL. 

Weigh about 10 grams of the sample in a weighing bottle, disftolve in water, and 
make up to volume in a titer graduated flask. To a 50 cc. aliquot add N/20 silver 
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nitrate, drop by drop, stirnng constantly, until 1 drop produces a permanent turbidity. 
In calculating the results, 1 equivalent of silver is equal to 2 equivalents of cyanogen, 
according to the following equation: 

2NaCN + AgNO, = NaCNAgCN + NaNO,. 

Reserve the titrated solution for the determination of chlorin under 60. 

60 CHLORIHi«.~-OFFICIAL. 

After completion of the titration for cyanogen, as directed under 59, add a few cc. 
of 10 per cent potassium chromate solution as indicator and titrate with N/20 silver 
nitrate until the red-brown color of silver chromate appears. 

The first titration with silver nitrate represents the cyanogen present according to 
the equation under 59. The second titration represents the cyanogen and chlorin 
RccOTding to the following equation: 

NaCNAgCN + NaCl H- 2AgN0i = 2NaN0, + 2AgCN -I- AgCl. 

Therefore the second minus the first reading represents the chlorin present in terms 
of silver nitrate. 

SOAP. 

61 MOISTURS^*.— OFFICIAL. 

Weigh about 5 grams of the sample in a tared, 100 oc. beaker, in which is previously 
placed a } inch layer of recently ignited, dry sand and a small glass rod; if the soap is 
hard, cut it off in very thin strips. Add 25 cc. of alcohol, or more if necessary, and dis- 
solve on the water bath, stirring constantly. Evaporate the alcohol, heat in an oven at 
llO^C. until the soap is nearly dry, and weigh, then dry again for 30 minutes and 
weigh. Continue this alternate drying and weighing until the weight changes only a 
few milligrams during the course of 30 minutes* drying. 

62 POTASSIUM AND SODIUM ''.-OFFICIAL. 

Dissolve about 5 grams of the soap in water; decompose with hydrochloric acid; 
filter off the water and wash the fat with cold water. Determine both potassium and 
sodium in the filtrate as directed under II, 13. 

SODA L7E. 

63 CARBONATE AND HTDROXIDi^ — OFFICIAL. 

Weigh about 10 grams of the sample from a weighing bottle, dissolve in carbon 
dioxid-free water and make up to a definite volume. Titrate an aliquot of this solution 
with N/2 hydrochloric acid, using methyl orange as an indicator, and note the total 
alkalinity thus found. Transfer an equcd aliquot to a graduated flask and add enough 
barium chlorid solution to precipitate all the carbonate, avoiding any unnecessary 
excess. Dilute to the mark with carbon dioidd-free water, stopper, shake and set aside. 
When the liquid becomes clear, pipette off one-half and titrate with N/2 hydrochloric 
acid, using phenolphthalein as an indicator. The number of cc. of N/2 acid required 
for this titration, multiplied by 2, gives the number of cc. of N/2 acid required to neu- 
tralize the sodium hydroxid present in the orginal aliquot. The difference between this 
figure and the nunber of cc. of N/2 hydrochloric acid required for the total alkalinity 
represents the number of cc. of N/2 acid required to neutralize the sodium carbonate 
present in the aliquot. Calculate the percentages of sodium carbonate and hydroxid 
present in the sample. 
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TOBACCO AND TOBACCO EXTRACT. 

Nicoim. 

Kiuling Method.-'Qfficial. 

64 REAGENTS. 

« 

(a) Alcoholic sodium hydroxid solulion. — ^Dissolve 6 grams of sodium hydroxid in 40 
ex;, of water and 60 cc of 90 per cent alcc^ol. 

(b) DikUe Bodium hydroxid sobdioru — Dissolve 2 grams of sodium hydroxid in water 
and dilute to 500 oc. 

(C) N/iO sulphuric acid, — One oc. is equivalent to 16.22 mg. of nicotin. 

(d) Phenaeetolin solution, — Prepare a 0.5 per cent alcoholic solution. 

(€) Cochineal solution, — Prepare as directed under I, 16 (j). 
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DETERMINATTON. 



Weigh 5-^ grams of tobacco extract, or 20 grams of finely powdered tobacco which 
has been previously dried at WfC, to permit powdering into a small beaker. Add 10 
cc. of the alcoholic sodium hydroxid and follow, in the case of tobacco extract, with 
enough pure powdered calcium carbonate to form a moist but not lumpy mass. Mix 
thoroughly, transfer to a Soxhlet extractor and exhaust for about 5 hours with ether. 
Evaporate the ether at a low temperature, and take up the residue with 50 cc. of the 
dilute sodium hydroxid solution. Transfer this residue by means of water to a 
500 cc. Kjeldahl flask, and distil with steam, passing the distillate tbirough a condenser 
cooled by a rapidly flowing current of water. Use a 3-bend outflow tube, and, to prevent 
bumping and frothing, add a few pieces of pumice and a smaU piece of paraffin. Distil 
ontil all the nicotin has passed over, the distillate usually varying from 400 to 500 cc. 
When the distUation is completed, only about 15 cc. of the liquid should remain in the 
flask. Titrate the distillate with N/10 sulphuric acid, using the phenaeetolin or cochineal 
fiolution as indicator. 

Silicoiungstic Acid Method^K — Official. 

66 REAGENTS. 

(a) Silicoiungstic acid solution. — Prepare a 12 per cent solution of the silicotungstic 
add having the following formula: 4HsO.SiOs.l2WO:.22H20. (There are several 
silicotungstic acids. The acids 4H2O.SiO,.10WOr.3H,O and 4H2O.SiO«.12WOa.20H,O 
do not give crystalline precipitates with nicotin and should not be used.) 

(b) Sodium or potassium hydroxid soluiion (f to 2). 
(C) DiluU hydroehhric acid {i io i). 
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DETERMINATION. 



Weigh such an amount of the preparation as will contain preferably between 0.1 and 
1.0 gram of nicotin (if the sample contains very little nicotin, about 0.1 per cent, do 
not increase the amount to the point where it interferes with the distillation); wash 
with water into a 500 cc. round-bottomed distillation flask; add a little paraffin to 
prevent frothing, a few small pieces of pumice and a slight excess of the sodium or 
potassium hydroxid, using phenolphthalein as an indicator. Distil rapidly in a current 
of steam through a well-cooled condenser, connected by means of an adapter with a 
suitable flask contaimng 10 cc. of the dilute hydrochloric acid. When distillation is 
well under way, heat the distillation flask to reduce the volume of the liquid as far as 
practicable without bumping or undue separation of insoluble matter. Distil until a 
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few cc. of the distillate show no cloud or opalescence when treated with a drop of the 
silicotungstic acid and a drop of the dilute hydrochloric acid. Confirm the alkalinity 
of the residue in the distillation flask with phenolphthalein solution. Make up the 
distillate, which may amount to 1000-1500 cc, to a convenient volume (the solution 
may be concentrated on the steam bath without loss of nicotin), mix well and pass 
through a large dry filter if not clear. Test a portion with methyl orange to assure 
its acidity. Pipette an aliquot, containing about 0.1 gram of nicotin. into a beaker 
(if the samples contain very small amounts of nicotin, an aliquot containing as little as 
0.01 gram of nicotin may be used), add to each 100 oc. of liquid 3 cc. of the dilute 
hydrochloric acid, or more if the necessity is indicated by the test with methyl orange, 
and 1 cc. of the silicotungstic acid for each 0.01 gram of nicotin supposed to be 
present. Stir thoroughly and let stand overnight. Before filtering, stir the precipitate 
to see that it settles quickly and is in crystalline form; then filter on an ashless filter 
and wash with cold dilute hydrochloric acid (1 to 1000). Transfer the paper and pre- 
cipitate to a weighed platinum crucible, dry carefully, and ignite until all carbon is 
destroyed. Finally heat over a Teclu or Meker burner for not more than 10 minutes. 
The weight of the residue, multiplied by 0.114, gives the weight of nicotin present in 
the aliquot. 

FORMALDEHYDE SOLUTIONS. 
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PORMALDBHYDE. 

Hydrogen Peroxid Method^*, — Official. 

REAGENTS. 



(a) N/1 sulphuric acid. 

(b) N/1 sodium hydroxid. — One cc. i^ equivalent to 30.02 mg. of formaldehyde. 

(C) Hydrogen peroxid. — Kn approximately 3 per cent solution. If the hydr.)gen 
peroxid solution is acid, neutralize with (b), using litmus solution ns indicator. 

(d) Litmus solution. — A solution of purified litmus. 
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DETERMINATION. 



Measure 50 cc. of N/1 sodium hydroxid into a 500 cc. Erlenmeyer flask and add 50 
cc. of the hydrogen peroxid. Then add 3 grams of the formaldehyde solution under 
examination, allowing the point of the pipette to reach nearly to the liquid in the 
flask. Place a funnel in the neck of the flask and heat on the steam bath for 5 minutes, 
shaking occasionally. Remove from the steam bath, wash the funnel with water, cool 
the flask to about room temperature and titrate the excess of N/1 sodium hydroxid 
with N/1 add, using the litmus solution as indicator. It is necessary to cool the flask 
before titration with the acid to get a sharp end point with the litmus. From the amount 
of N/1 sodium hydroxid consumed and the weight of the sample calculate the percent 
of formaldehyde. 

Cyanid Method*''.— Official 

70 REAGENTS. 

(a) N/IO silver nitrate. 

(b) N/IO ammonium thiocyanate. 

(C) Potassium cyanid solution. — Dissolve 3.1 grams of potassium cyanid in 500 cc. of 
water. 

(d) Dilute nitric acid (1 to 1). 
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71 DlTTERMirrA-nON. 

t 

Treat 15 cc. uf the N/10 silver nitrate with 6 drops of U^e dilute nitric acid in a 50 cy- 
volumetric flask; add 10 cc. of the potassium cyaliid solution, dilute to the mark, 
shake well, filter through a dry filter and titrate 25 cc. of the filtrate with N/IO am- 
monium thiocyanate as directed under It, 17, Acidify another. 15 cc. portion of the 
N/10 silver nitrate with 6 drops of the dilute nitric acid and treat with 10 cc. of the 
potassium cyanid solution to which has been added a measured quantity (the weight 
of which must be calculated from the specific gravity) of the formaldehyde solution 
containing not over 2.5 grams of. a 1 per cent solution or its equivalent. Make up to 
50 cc, filter and titrate a 25 cc. aliquot with the N/10 ammonium thiocyanate for the 
excess of silver as before. The difference between the number of cc. of N/10 ammonium 
thiocyanate used in these 2 titrations, multiplied by 2, given the number of cc. of N/10 
emamonium thiocyanate corresponding to the potassium cyanid u^ed by the formalde- 
hyde. Calculate the per cent of formaldehyde present (1 cc of N/10 ammonium thio- 
cyanate is equivalent to 3 mg. of formaldehyde (HCHO)). 

LIME-SULPHUR SOLUTIONS. 
TOTAL SULPHXJli^^— OFFICIAL. 

72 PRfiPAllATIOlV or SAMPL.B. 

Weigh 10 ^ams of the. aolutiont transfer to a 250 cc graduated flaskf and imme- 
diately dilute to .the mark ^vith recently boiled and cooled water. Mix thoroughly and 
transfer to a number of small bottles, filling them entirely an^ avoiding contact of the 
solution with air as much as possible. Stopper these bottles, seal with paraffin and pre- 
serve in a dark, cf)ol place. 

73 DETERMINATION. 

(Sulphur-free reagents should be used for all work.) 

Dissolve 2-3 grams of sodium peroxid in 50 cc. of cold water in a 250 cc beaker. 
Transfer a 10 cc aliquot of the solution prepared for analysis as directed under 72 to 
this aqueous solution of sodium peroxid, keeping the tip of the pipette constantly just 
under the surface of the liquid until necessary to raise it for drainage at the end. Use 
a clean dry pipette for measuring each portion. Cover the beaker with a watch glass 
and heat on the steam bath, with occasional stirring, until all the sulphur is oxidized 
to sulphate, which is shown by the disappearance of the yellow color. Wash off the 
watch glass and the sides of the beaker, acidify with hydrochloric acid**, evaporate 
to complete dryness, treat with water acidified with hydrochloric acid, boil and filter 
to remove silica. Dilute the filtrate to 300 cc, add 50 cc. of concentrated hydrochloric 
acid, heat to boiling, and add 10 per cent barium chlorid solution slowly and with 
constant stirring. The barium chlorid should be adde<l at such a rate that about 4 
minutes are required for running in the necessary amount (11 cc for 1 gram of bariu^i 
sulphate). The rate is best regulated by attaching a suitable capillary tip to the burette 
containing the barium chlorid solution. Evaporate to dryness on the steam bath, 
take up with hot water, filter through a quantitative filter, wash until free from chlorids, 
ignite carefully and heat to constant weight over a Bunsen burner. Calculate the 
sulphur from the weight of barium sulphate, using the factor 0.1373. 

74 MONOSULPHID EQUIVALENT 24.— TENTATIVE. 

Dilute 10 ex;, of the solution prepared as directed under 72 to about 30 cc. with 
recently boilwl and <'ool«*d water and titrate with N/10 iodin solution until the yellow 
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color just disappears. (There slioiild be no diiBculty in detennining this end point, but 
if there is, a small crystal of sodium nitropnissid may be used. It must not be added 
until the end point is practically readied, sinoe if the Uue color is weU dereioped it 
can not be destroyed except by an excess of iodin). From the number of cc. of N/10 
iodin used, calculate the monosulphid equivalent as follows: cc. of N/10 iodin X 0.0016 
•B number of grams oi sulphur as monosulphid equivalent. 
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THIOSULPHATB SULPHUR. 
Zine Chktid Method*K-OJfieiaL 

RBAOBMT. 



An\moniaeal zine ehlorid tobUwn. — Dissolve 50 grams of pure sine chlorid in about 
500 cc. of water, add 126 cc oi ammonium hydroxid (sp. gr. 0.90) and 50 grams of 
ammonium chorid*' and dilute to 1 liter. 
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DSnSlUIINATION. 



To 50 cc. of water in a 200 cc. graduated flask, add, in the manner indicated under 
73, 50 cc. of the solution prepared as directed under 72. Add a slight excess of the 
ammonical zinc chlorid scdution and dilute to the mark. Shake thoroughly and filter 
through a dry filter. To 100 cc. of the filtrate add a few drops of methyl orange or 
methyl red and exactly neutralize with N/10 hydrochloric add. Titrate the neutral 
solution with approximately N/20 iodin sdution, 3 (C), using a few drops of starch 
sdution as indicator. From the number of cc. of iodin solution used, calculate the 
thiosulphate sulphur present. As the value of the iodin solution is given in terms of 
arsenious oxid (As/)i), it is necessary to multiply this value by 1.296 to obtain the 
equivalent of thiosulphate sulphur. 

77 Iodin TUration Meihod^K— Tentative. 

Continue the titration of the solution used in the determination of the mono- 
sulphid equivalent, 74, with N/10 iodin sdution, letting the iodin act as its own 
indicator until a small drop produces a slight permanent coloration. From the num- 
ber of cc. of N/10 iodin used, calculate the thiosulphate sulphur as follows: cc. of 
N/10 iodin X 0.0064 = number of grams of sulphur as thiosulphate. 

8ULPHID SULPHUR. 

78 Zine Chlorid Method^K-Officiai. 

To 10-15 cc. of water in a small beaker add, in the manner indicated under 73, a 
10 oc. aliquot of the solution prepared as directed in 72. Calculate the amount of am- 
moniacal zinc chlorid solution (75) necessary to precipitate all the sulphur in the 
aliquot and add a slight excess. Stir thoroughly, then filter, wash the precipitate 3 or 
4 times with cold water and transfer filter paper and precipitate to the beaker in which 
the precipitation was made. Cover with water, disintegrate the paper with a glass rod 
and add about 3 grams of sodium peroxid, keeping the beaker well covered with a 
watch glass. Warm on the steam bath with frequent shaking until all the sulphur is 
oxidized to sulphate, adding more sodium peroxid if necessary. Make slightly acid 
with hydrochloric add, filter to remove shreds of filter paper, wash thoroughly with 
hot water and determine the sulphur in the filtrate as directed under 73. 
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79 lodin TUraiion Meihod^\—Teniaiim. 

Allow the solution from 77 to stand several houn with occasional stirring, or acidify 
with a few drops of dilute hydrochloric acid and warm gently with stirring, filter and 
wash thoroughly with warm water. Place the filter paper with the sulphur in a small 
vessel and dissolve the sulphur in about 15 cc. of sodium hydroxid s<dution (1 to 3) by 
heating gently on a steam or water bath for l-lJi hours (do not boO). Keep the flask 
covered and shake gently a few times during the digestion to remove the sulphur from 
the sides. Oxidize by adding 2-3 grams of sodium peroxid dissolved in 50 oc of cold 
water and complete the determination as directed under 73, beginning with '*Gover 
the beaker with a watch glass". 

80 Indinel Mefhod.—TeniiUive, 

The difference between the total sulphur and the sum of the thiosulphate sulphur 
and sulphate sulphur is the sulphid sulphur. 

81 SULPHATB SULPHOTL— OmCIAL. 

To the solution fran the detennination of thio8ulp|iate sulphur, 76, add 2 or 3 drops 
of hydrochloric acid, precipitate in the cold with 10 per cent barium chlorid solution, 
allow to stand overnight, filter, calculate the sulphur from the weight of barium sulphate 
and report as sulphate sulphur. 

82 lodin TUraiion Method}^, —Teniatioe. 

To the filtrate from the determination of thiosulphate sulphur, add several drops 
of hydrochloric acid, precipitate in the cold with 5 cc. of 10 per cent barium chlorid 
solution, allow to stand overnight, filter, calculate the sulphur from the weight of 
barium sulphate and repwt as sulphate sulphur. 

83 TOTAL LIMB.~-OrfICIAL. 

To 25 CC. of the scdution, prepared as directed under 72, add 10 cc. of concentrated 
hydrochloric add, evaporate to dryness on the steam bath, treat with water and a 
little hydrochloric add, warm until all the caldum chlorid is dissolved, and filter to 
remove sulphur and any silica that may be present. Dilute the filtrate to a bulk of 
200-250 oc., heat to boiling, add a few cc. of ammonia in excess, and then an excess 
of saturated solution of ammonium oxalate. Continue the boiling until the predpi- 
tated calcium oxalate assumes a weD defined granular form, allow to stand for an hour, 
filter and wash a few Umes with hot water. Ignite in a platinum crucible over a blast 
lamp to constant weight and weigh as caldum oxid. 
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VIL FOOPS AIf]> FEEDING STnFFS.->GEII£RAL METHODS. 

1 PRBPARAXION. OP 9AMPlM,-OmClAb. 

Grind the sample so that it 'Will pass throuf?h a «eve hiving circukf opemioigs ^h 
inch (1 mm.) in diamfeter. ' ff 1he sample can not l>e ground, r^uce it to as fine a 

* 

stat« as possible.' " •• • 

MOISTURE. 

2 Drying with Heat. — Official, 

Dry a quantity of the substance, repres6niing about 2 grams of dry material, in a 
current of dry hydrogen or in Vacuo at the temperature of boiling water to constant' 
weight (approximately 5 hours). If'lhe substance be contained in a glass vessel, the 

latter should not be in Contact \^?l!h'<h'e boiling watef. 

• .. . 

3 DPyiMS'in VneuawUhoui ffeaL^-^Qffieial*, • ' 

Mix the sample thoroughly and weigh by difference 2-5 gram portions from' a stop- 
pered weighing bottle into tared, covered crucibles. Where subsequent fat determina- 
tions are to he made, fat ex.traction cones may be used. Substances that dry down to 
horn-like material should be mixed with fat-free cotton or other suitable material . 
(previously tared with the container). Place 200 cc. of fresh concentrated sulphuric 
acid in a strong, tight 6 inch vacuum desiccator. Put triplicate samples in separate 
desiccators, and exhaust by avians of a vacuum pump. < If a pump is not available, 
place 10 cc. of ether in a small beaker in the desiccator and exhaust with a water 
filter pomp. 

Between the pump and the desiccator interpose an empty bottle, next to the desic- 
cator, and a bottle of water. ]^i;aw the airfroo^ U)q desiccator through the water and 
turn the desiccator stop-cock at just the instant when the water begins to rise in the 
tube leading from the empty botde. 

Gently rotate the desiccator 4 or 5 time^xiuring the first 12 hours to mix the sulphuric 
acid with the water which has collected as an upper layer. .At the end of 24 hours 
open the desiccator, causing .the incoming air to bubble through concentrated sulphuric 
acid, and make the first weigliing. After weighing place in a desiccator containing 
fresh concentrated sulphuric acid and exhaust as before. Rotate the desiocator several 
times during the interval and weigh again after a suitable period of drying. Repeat 
this process of drying in vacuo over sulphuric acid until the weight is constant. 

4 ASH.--OFFICIAL. 

Char a quantity of, the; substance, representing al^out 2 grams of the dry material, 
and burn until free from carbon at a low heat, not to exceed dull redness. If a carbon- 
free ash can not be obtained in tliis manner, exhaust the charred mass with hot water, 
collect the insoluble residue on a filter, burn till the ash is white or nearly so, and then 
add the filtrate to the ash and evaporate to dryness. Heat to low redness till the 
ash is white or grayish white and weigh. 

5 CRUDB PROTEIN.— OFFICUL. 

Determine nitrogen as directed under I, 18, 21 or 23, and multiply the result by 
6.2.5. 

71 



72 MBTHOINB or ANALYSIS [VII 

AismmioiD mTROosH.— omcuL. 

6 hbaobnt. 

Cuprie hydroxid. — Dissolve 100 grams of pure copper sulphate in 5 Bten of water* 
add 2.5 cc. of glycerol, and then dilute sodium hydroxid solution until the liquid is 
just alkaline; filter, rub the precipitate up with water containing 5 oc. of glycer(4 per 
liter and wash by decantation or filtration until the washings are no longer aftaline. 
Rub the precipitate up again in a mortar with water oontjiining 10 per cent of gjyoerol, 
thus preparing a uniform gdatinous mass that can be measured with a pipette. Deter- 
mine the quantity of copper hydroxid per oc. of this mixture. 



7 DEIKIUIINATION. 

Place 0.7 gram of the substance in a beaker, add 100 oc of water, and heat to boiling; 
or, in case of substances rich in starch, heat on the water bath for 10 minutes; add a 
quantity of the reagent, prepared as directed in 6, containing about 0.5 gram of the 
hydroxid; stir thoroughly, filter when cold, wash with cold water, and, without remov- 
ing the precipitate from the filter, determine the nitrogen as directed under 1, 18, 21 
or 23, adding sufficient potassium sulphid solution to completely precipitate all of the 
copper and mercury. The filter pi^Mr used must be practically free from nitrogen. 
If the material (such as seeds, seed residue, or oil cake) is ridi in alkaline phosphates, 
add, to decompose the alkaline phosphates, 1-2 cc. of a concentrated potash or soda 
ahun solution, free from ammonia, then the copper hydroxid, and mix weD by stirring. 
If this is not done, copper phosphate and free alkali may be formed, and the protein- 
copper precipitate partially dinolved in the alkaline liquid. 

8 AMIDO ]IITMOOBH.--OrfICUL. 

Subtract the amount of albuminoid nitrogen from the amount of total nitxogen to 
obtain the amido nitrogen. 

CRUDB FAT OR BTHER XZISACT. 
Dired Meihod.-<]ffieiaL 

9 lUBAQBNT. 

Anhydrous ether. — Wash any of the commercial brands of ether with 2 or 3 succes- 
sive portions of water, add solid sodium or potassium hydroxid, and let stand until 
most of the water has been abstracted from the ether. Decant into a dry bottle, add 
small pieces of carefully cleaned metallic sodium, and let stand untfl there is no further 
evolution of hydrogen gas. Keep the ether, thus dehydrated, over metallic sodium in 
lightly stoppered bottles. 

10 DETERinNATION. 

Large quantities of soluble carbohydrates may interfere with the complete extraction 
of the fat. In such cases extract with water before proceeding with the detennination. 
Extract about 2 grams of material, dried as under 2 or 3, with the anhydrous ether 
for 16 hours. Dry the extract at the temperature of boiling water for 30 minutes, 
cool in a desiccator, and weigh; continue, at 30 minute intervals, this alternate drying 
and weighing to constant weight. For most feeds a period of 1-1.5 hours is required. 

1 1 Indirect MeOnMi.— Official 

Determine the moisture, as directed in 2 or 3, then extract the dried substance for 
16 hours as directed under 10, dry again and regard the loss of weight as ether extract. 
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OPTICAL METHODS. 

12 OBHBHAL DnBCnOHS FOR E4W 80OAft&— OfflCUL. 

(Rules' of the Intemational Conwnliwioii for Unifying Methods of Sugar Analysis.) 

**In general all polarizations are to be made at 20^G. 

"The verification of the saccharimeter must also be made at 20*^6. For instruments 
using the Ventzke scale 26 grams of pure dry sucrose, weighed in air with brass weights, 
dissolved in 100 metric cc. at 20^G. and polarised in a room, the ten^Mimtiire of which 
is also 20^G., must give a saccharimeter reading of exactly 100.00. The temperature 
of the sugar solution during polarisation must be kept constant at 20^G. 

"For countries where the mean temperature is higher than 20^G., saccharimeters may 
be adjusted at 30*G. or any other suitable temperature, under the conditions specified 
above, provided that the sugar solution be made up to volume and polarized at this 
same temperature. 

"In effecting the polarization of substances containing sugar employ only half-^hade 
instruments/* The saccharimeter used can be either single or double wedge and should 
be a half-shadow instrument with either double or triple field. 

"During the observation keep the ai^Muratus in a fixed position and so far removed 
frosn the source of Ught that the polariiai^ Niool is not warmed. 

"As sources of h^^t employ lamps which give a struig illumination such as triple 
gas burner with metallic cylinder, lens and raflector; gas lamps with Auer (Welsbach) 
bonier; electric lamp; petroleum duplex lamp; sodium light." Whenever there is any 
irregularity in the sources of Ught such as that due to the convolutions oi the filament 
in the case of electric light or to the meshes of the gauze in the case oi the Welsbach 
light, place a thin groand-gfass plate between the source of light and the polarisoope 
so as to render the illumination uniform. 

"Before and alter each set of observations the chemist must satisfy himself of the 
correct adjustment of his saccharimeter by means oi standardized quartz plates. He 
must also iweviously satisfy himself of the accuracy oi his weights, polarization flasks, 
obaervataon tubes and cover-gjasses. (Scratched cover-gjasses must not be used.) 
Make several readings and take the mean thereof, but no one reading may be nef^ected.*' 
Such plates are standardized to read to the seocmd decimal point and by their use a 
quick and at the same time accurate test can be made. In using such plates for testing 
sacdiarimeters, it is necessary that the instrument, as well as the plate, be at 20^^ 
before making a reading. Different points of the scale, preferably 20*, 50", 80°, and 
100*, (sugar scale) should be tested against the plates. 

"In making a polarization use the whole normal weight for 100 oc. or a multiple 
thereof for any corresponding volume. 

"As clarifying and decolorizing agents use either baric acetate of lead, alumina 
cream, or concentrated solution of alum. Boneblack and decolorizing powders are to 
be excluded." Whenever reducing sugars are determined in the solution for polarizing,, 
use only neutral lead acetate for clarification as basic lead acetate causes precipitation 
of some of the reducing sugars. In addition to these clarifying agentSt neutral lea<t 
acetate and basic lead nitrate have been made official by the Association. 

"After bringing the solution exactly to the muk at the proper temperature, and 
after wiping out the neck of the flask with fflter paper, pour all (^ the well-shaken 
clarified sugar solution on a rapidly acting filter. Reject the first portions of the 
filtrate, and use the rest, which must be perfectly dear, for polarization." It is 
advisable to reject the first 20 cc. that run through, then cover the funnel with a watch 
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glass and use the remainder for polarizatioii. In no case should the whole solution or 
any part be returned to the filtext J^t cloudy after the 20 cc. have been rejected, begin 
a new determination. 

*' Whenever w\n(^ li^^t is used In polarimetric determinations, the same must h^ 
filtered ttifougti a soliitioh of |io£ad$ium dichromate of ^eh a concentration that the 
percentage cont-ent of the solution multiplied by the length of the column of the solu- 
tion in centimeters is equal to nine." This concentration must be doubled in reading 
carbohydrate niaterials of high rotation dispersion, such as commercial glucose, etc. 

13 PltBPAItATtON AND USB OP CLARIFYmG REAGSNTS.— OFPtCIAL. 

(B) Basic lead acetate solution. — Boil 430 grams of neutral lead acetate, 130 graru.s 
of litharge, and 1 liter of water for 30 minutes. Allow the mixture to cool and settle 
and dilute the supernatant liquid to a specific gravity of 1.25 with recently boiled 
water. Solid basic lead acetate may be substituU;d for the normal salt and litharge 
in the preparation of the solution. 

(b) Alumina cream. — Prepare a cold saturated solution of alum in water. Add 
anmionium hydroxid wrth constant stirring until the solution is alkaline to litmus, 
allow the precipitate to settle and Wash by decantation with water until the wash 
water gives only a slight test for sulphates with barium chlorid solution. Pour off 
the excess of water and store the residual cream in a stoppered bottle. 

(C) Dry basic lead acetate. — This clarifying agent is obtained as a dry powdered «alt 
and should contain 72.8 per cent of lead, which corre^lponds to a cMnposition of 
3Pb(GsHiOt)t2PbO. Dissolve the normal or half-noimal weight oC the sagar solution In 
a 9ugar (lask witJU wci^r and ooin|»J«te the volume. A.dd a 6maU quioktity oC the dry salt 
and shake, then add itiore andbhake figaini repeating until completely procipjtaied but 
avoiding any Qxc«ga. Of this ^alt 0.1346 gr*m is equivalent to* 1 cc. of the .basio^ lead 
acetate solution, described undw (E). When molasaes or an^ other aubatanoeifiroduc' 
ing a heavy precipitate is being clarified, some dfy, ouarse aand should be added to 
b^eak up the ba)ls of basic lead acetate and the precipitate. (This metJUod ia.fco.^ve 
egual weight with the use of a solution c)f basit* lead acet^t^ in clarifying .cai^t^^o^ghuixi, 
and beet products,) . : , 

(u) Neutral lead acetate.— Prepare a saturated solution of neutral lead acetate and 
add it to the sugar solution before completing to volume^ Its use is imperative when 
determining the reducing sugars in the solution used for polarization. 

(e) Basic lead nitrate. — (1) Dissolve 250 grams of lead nitrate in water and piake up 
t(j 500 cc. (2) Dissolve 25 grams of s(jdium hydroxid in water and make up tp .500 cc. 

Add equal amounts of (1) and (2) to the sugar solution, shake, and add ^ore if 
complete precipitation has not occurred, but avoid an exc^ew. Then complete tJhe 
volume with water. When tliis solution is used for clarification, the factor in the 
Clerget determination becomes 143.5 instead of 142.66. 

I 

DSmMINATION Of SUCROSB IN THE ABSBNCB OP RAFFIROSB. 

(In the presence of much levulose, as in honeys and fruits prtxlucts, the optical 
method (6t sucrose gives too high results.) 

■ ■ • ♦ » 

14 By Polarization Before and Afitr Irm-rsion with Hydrochloric Acid. — OJJicial. 

Dissolve the normal weight (26 grams) of the aubstanoe in water, add basic lead 
acetate carefully, avoiding any excess, then 1-2 cc. of alumina cream, shake, and 
dilute to 100 cc, filter, rejecting the first 20 cc. of the filtrate, cover the funnel with a 
watch gla.s8 and, when suflicient filtrate is collected, polarize in a 200 mm. tube. The 
fieading so obtain^ is the direct reading (P of formula given below) or polarization 
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before inversion. . ^r tti^'ipyfrt reading,- rompve .th« le^d £rpm Uifs solutioa. either 
(1) by adding anhydroug poUflij^vp pxalate^ a little at a .time, to the r?fu«uniiig ^oIuUoa. 
avoiding an excess and rv^moyijQg the precipitated lead by filtration; or,;(^) by adding 
anhydrous sodjiun carbonate under the lamecopditioq^., Ifflfoduge 50 oc. of the lead- 
free fdtrate into a 100 cc, flask (if cpdium aar^ooa^ w^ used for renaoving the lead, 
neutralize carefully the excess of sodium carbonate with a few drops of dilute hydro- 
chloric acid) and add 25 cc. of water. Then, fidd, little by little, while rotating th« 
flask. 5 cc. of hydrochloric acid (sp. gr. 1.20). Heat the flask after mixing, in a water 
bath kept at 70^C. The Viftiflpi^rature of'the sohMtiott m thb flask ghoold reach 67''-60''C. 
in 2.5-.3 minutes. Maintain a temperature of etd-nfearlV 68^*0. as posdble for 7-7.5 
minutes, making the total time of heating 10 mmtites: Remo^*^ tfce fla^k and cool the 
contents rapidly to 20*'G. and diltrtte to 100 c6. PdlB8rt«e tlti* solntion in 'a tube provided 
with a lateral branch and a water jacket/ nmlntaiiliiili^' a temperature of 20 C. This 
reading musrt be multiplied by 2 to obtedn liie invert reading. Tf Tt is necessary to 
work at a temperature other than 20*G., which is allow^il>le T^thin narrow limits, the 
volumes must be completed and both direct and invert polarisations must be made at 
exactly the saihe temperarture. • . . 

The inversion may felso be accomplished as follows! (1) To 50 cc. of the clarified 
solution, ft-eed from lead, add 6 cc. of hydrochloric acid (sp. gr. 1.20) dncl'set aside for 
24 hours at a temperature nbt below 20*'C.: or, (2) if the temperature be above 25°C.' 
set aside for 10 hours. Make up to 100 «c. ^t 20**G. and polarize as directed above. 

Calculate sucrose by one of the following formulas: 

For substances in which the invert solution tonlains more than i2 grams of invert sugar 

per 100 cc. — ^The following formula is to be used when substances like raw sugars are 

polarized: 

„ 100 (P-I) . .. , 
S = — m which 

142.66 — -. . ' ' . 

« • 2* • ' I. *, . 

^ = per cent of sucrose; 

P = direct^*idiA|r, nofrttalsoWtionj ' ' 

I = invert reading, normal solution; 

T = temperature at which readings are made. 
For substances in uhieh the concentration of the inm^' solulion i> fens than f ? grams per 
fOO ff .— The following formula, which takes into a<?cOifnt the fconceftlration of the sugar 
in solution, should be used in all other cases: 

100 (P-I) 
_ M — .- IP ^hich 

T r T 1 

142.66 0.0065 I 142.66 (P-I) I 

S = per cent of sucrose; 
P» direct reading, normal solution; 
I —invert reading, normal solution; 
T — temperature. 

By Polarization Before and After Inversion with Invertase. — Official. 

15 RBAGENT. 

Invertase solution^. — Mix 1 kilo of pressed baker *s or brewer's yeast with 1 liter of 
lap water and 60 cc. of toluene and keep at room temperature 2-^ days to allow autolysis 
t() proceed to the stage of maximum inverting activity. Then add neutral lead acetate 
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in slight ezceiB, filter, precipitate the ImmI in the filtrate with hydrogen milphid, filter 
again and then dialyze the filtrate thoroughly in a collodion lac. Preserve in an ioe 
box the dialysed station with the addition of a little tohiene to prevent the growth of 
micro-organisms. Note the optical activity of the Invertase solution and correct the 
invert reading according to the amount of the solution used. 

16 DETSniaNATION. 

Dissolve the normal wei^t (26 grams) of the substance in water, clarify, make up 
to volume, and take the diiect polarisation (P) as directed under 14. If lead has been 
used as a clarifying agent, remove the excess of lead from the filtrate with anhydrous 
sodium carbonate or potassium oxalate and filter. To 50 oc. of the filtrate in a 100 oc. 
flask add acetic acid, drop by drop, until the reaction is add to litmus, add 10 cc. of 
the invertase soluticn, fill the flask with water nearly to 100 oc and let stand in a warm 
place (about 40"G.) overnight. Cool and make up to 100 cc. at 20X. P<^arise at 
20"G. in a 200 mm. tube. Allow the solution to remain in the tube for an hour and 
repeat the polarisation. If there is no change from the previous reading, the inversioa 
is complete, whereupon the reading and temperature of the solution are carefully noted. 
Correct the reading for the optica] activity of the invertase soluti<m and then multiply 
by 2. Cakulate the percentage of sucrose by the following formula: 



100 (P-I) 



T r T 1 

142 0.0066 1 142 (P-I) I 



in which 



S >- per cent of sucrose; 
P "direct reading; 
I « invert reading; 
T -B temperature at which invert reading is made. 

17 DSTERMINATIOH OP SVCROSB AND BAIfmoaL--OmCIAL. 

(Of value chiefly in the analysis of beet products.) 

If the direct reading is more than 1** higher than the per cent of sucrose as calcu- 
lated by the formula given under 14, rafBoMose is probably present. Calculate sucrose 
and ra£Bnose by the following fonnula: 

0.6124 P-I P - S 

0.839 ' 1.852 

P» direct reading, normal solution; 
I « invert reading, normal solution; 
S B per cent of sucrose; 
R "per cent of anhydrous raifinose. 

The above formula assumes that the polarizations are made at exactly 20*^C. If the 
temperature (T) is other than 20"C., the following formula should be used: 

P (0.4724 + 0.002 T) - I 
0.899 - 0.003 T 
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CHEMICAL METHODS. 

18 DSTXRimrATIOH OP SVCROSB FROM RBDOCDIO 8IIOAS8 BIPOBX AHD APTBR 

niVBR8IOH.-~OmCIAL. 

Determine the redudng sugars (clarification having heen effected with neutral lead 
acxtate, never with basic lead acetate) as directed under 25 and calculate to invert 
sugar from XXX, Table 1. Invert the solution as directed under 14 or 16, exactly 
neutralize the acid, and again determine the reducing sugars, but calculate them to 
invert sugar from the same table as referred to above, using the invert sugar column 
alone. Deduct the percentage of invert sugar obtained before inversion from that 
obtained after invenion, and multiply the difference by 0.95, the result being the per 
cent of sucrose. The stations should be diluted in both determinations so that not 
move than 240 mg. of invert sugar are present in the amount taken for reduction. It 
is impcNlant that all lead be removed from the solution with potassium oxalate before 
reduction. 

SSDVCIHO SVOAR8. 

onrntT svoax. 

Approximaie Volumeirk Method for Rapid Work, — Tentative. 

19 lUBAOBNT. 

t 

SoMeCi Modification o/ Fehting*t Solution. — ^Ptepared by mixing, immediately before 
use, equal volumes of (ft) and (b). 

(a) Copper galphaie solution. — ^Dissolve 34.639 grams of copper sulphate (CUSO4 
5HsO) in water, dilute to 600 cc. and filter through prepared adtMstos. 

(b) Alkaline tartrate solution. — Dissolve 173 grams of Rochelle salts and 60 grams 
of aodium hydroxid in water, dilute to 600 cc., allow to stand for 2 days and filter 
throu^ prepared asbestos. 

29 STANDABDIZATIOlf OP COPPER flOUJTIGN. 

Since the factor of calculation varies with the minute details of manipulati^m, every 
operator must determine a factor for himself, using a known solution of the pure sugar 
that he desires to determine, and keeping the conditions the same as those used for 
the determination. 
Standardise the solution for invert sugar in the following manner: 
Dissolve 4.76 grams of pure sucrose in 76 cc. of water, add 6 oc. of hydrochloric acid 
(sp. gr. 1 .20) and invert as directed under 14. Neutralize the add with sodium hydroxid 
solution and dilute to 1 Hter. Ten cc. of this solution contain 0.060 gram of invert 
sugar, which should reduce 10 oc. of the reagent. The strength of the copper solution 
should never be taken as a opnstant, but should be checked against the sugar. 

21 DETBRMINATION. 

Place 10 cc. of the reagent in a large test tube and add 10 cc. of water. Heat to 
boiling, and add gradually small portions of the solution of the material to be tested 
untH the copper has been completely reduced, boiling after each addition to complete 
the reaction. Two minutes' boiling is required for complete reduction when the full 
amount of sugar solution has been added in one portion. When the end is nearly 
reached and the amount of sugar solution to be added can no longer be judged by the 
cc^or of the solution, remove a small portion of the liquid and filter rapidly into a small 
porcelain crucible or on a test plate; acidify with dilute acetic add and test for copper 
with dflute potassium ferrocyanid solution. The sugar solution should be of such 
strength as to give a burette reading of 16-20 oc., and the number of successive additions 
should be as smaU as possible. 
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Soxhlei Volumfiric Me^o/i.r^TenkUive, 

22 RSAOENT. 

The reagent used is described under 19. 
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DETERMINATION. 



Make a preiimi&ary titration to determine the approximate percentage of reducing 
sugar in the malarial under examination. Prepare a solution which contains approxi- 
mately 1 per cent of reducing sugar. Place in a beaker 100 cc. of the reagent and 
approximately the amount of the sugar solution for its complete reduction. Boil for 
2 minutes. Filter through a folded filter and test a portion of the filtrate for copper 
by use of dilute acetic acid and dilute potassium ferrocyanid solution. Repeat, varying 
the volume of sugar solution, until 2 successive amounts are found which differ by 
0.1 cc, one giving complete reduction and the other leaving a small amount of copper 
in solution. The mean of these 2 readings is taken as the volume of the solution 
required for the complete precipitation of 100 cc. of the reagent. 

Under these conditions 100 cc. of the nsagent rec|uire 0.494 gram of invert sugar for 
complete reduction. Calculate the percentage by the following formula: 

100 X 0.494 

Per cent of invert sugar = ,,„, — : 

V w 

V =the volume of the sugar solution required for the complete reduction of 100^ cc. 

of the reagent, 
W =lhe weight of the sample in 1 cc. of the sugar solution. 

Munson and Walker General Melfiod^. — Official.- 

REAGENTS. , 
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(a) A 5te/(M*.— Digest the asbestos, which should be thQ amphib<,)le variety, with 
dilute hydnK'hIoric acid (1 to 3) for 2 3 days. Wash frpc fr^m.arid' digest for a 
similar period with 10 per cent scKiium hydroxid solution, and then treat for a fpw hours 
with hot alkaline tartrate solution (old alkaline tartrate solutions that have stood for 
.some time may be used for this purpose) of the strength eu^)loyed in sugar determina- 
tions. Then wash the asbestos free from alkali, digest for several hours with dilute 
nitric acid (1 to 3) and, after washing free from, acid, shake with water into a fine pulp. 
In preparing the Gooch crucible, make a film of fi^sbestos \ inch thick .and wash 
thoroughly with water to remove fine [larticles of asbestos. If the precipitated cuprous 
oxid is to be weighed as such, wash the crucible with 10 cc. of alcohol, then with 10 cc. 
of ether, dry for 30 minutes at 100°C., cool in a desiccator and weigh. 

(b) The solutions used are described und«r 19. 
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PRECIPITATION OF CUPROUS OXID. 



Transfer 25 c<*. each of the copper sulphate and alkaline tartrati^ sol\i(tians to a 400 cc. 
beaker of alkali-resistant glass and add 50 c^\ of reducing sugar aolutiopt or, if a swialler 
volume of sugar solution is used, add water to make the final volume 100 cc. Heat the 
beaker upon an asbestos gauze over a Bunsen burner, regulate the llame so that boiling 
begins in 4 minutes and continue the boiUng for exactly 2 minutes., (It is Jimpor^nt 
that these directions be strictly observed and, ia order to ref?ulate th^ burner for this 
purpose, it is advisable to make preliminary tests, usii^ 50 nc. of the reagent anc| 50 cc. 
of water before proceeding with the actual determination^) Keep the beaker u^vered 
with a watch glass during the heating. Filter the cuprous oxid at once on an a»ibe.sto6 
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mat in a porcelain Gooch crucible, using suction. Wash the cuprous oxid thoroughly 
wHb water at a temperature of about 60*^G., and either weigh directly as cuprous oxid 
as in 26, or determine the amount of reduced copper by one of the methods under 
2S-n33, respectively. Conduct a blank determination, using 50 cc. of the reagent and 
50 cc. of water, and, if the weight of cuprous oxid obtained exceeds 0.5 mg., correct the 
result of the reducing sugar datermiDfition accordingly. The alkaline tartrate solution 
deteriorates on standing and the amount of .cuprous qxid ol^lained in the biaok increases- 

* 

Determination of Reduced Copper. 

26 /. Direct Weighing of Cuprous Oxid, — Official. 

Prepare a Gooch crucible as directed under 24 (a). 

Collect the precipitated cuprous oxid on the mat, as directed under 25, wash thor- 
oughly with hot water, then with 10 oe. of alcohol, and fik&ally with 10 ce. of ether. 
Ory the precipitate for 30 minutes in a water oven at the temperature of boiling water; 
cool and weigh. Calculate the weight of metallic copper, using the factor 0.8882. 
Obtain from XXX, Table 1, the weight of invert sugar equivalent to the weight of 
copper found. 

This method should be used only for determinations in pure sugar solutions. In 
all other products the copper of the cuprous oxid should be determined by one of the 
following methods, since the cuprous oxid is very apt to be contaminated with foreign 
matter. 

The number of milligrams of copper reduced by a given amount of reducing sugar 
differs when sucrose is present and when it is absent. In the tables the absence of 
sucrose is assumed except in the two columns under invert sugar, where one for 
mixtures of invert sugar and sucrose containing 0.4 gram* of total sugar in 50 cc. of 
solution, and one for invert sugar and sucrose when tbe 50 cc. of solution contains 2 
grams of total sugar are given, in addition to the column for invert sugar alone. 

Volumetric Thiosulphate Method*, — Official. 

27 reagent, 

Sidndard thiosulphate solution. — Prepare a solution of sodium thiosulphate contain- 
ing 19 grams of pure crystals in 1 liter. Weigh accurately abbut 0.2 gram of pure 
copper foil and place in a flask of 250 cc. capacity. Dissolve by warming with 5 cc. 
of a mixture of equal volumes of strong nitric acid and water. Dilute to 50 cc, boil 
to expel the red fumes, add 5 cc. of strong bromin water, and boil until the bromin is com- 
pletely driven off. Remove from the heat and add a slight excess of strong ammonium 
hydroxid (about 7 cc. is required). Again boil until the excess of ammonia is expelled, 
as shown by a change of color of the liquid, and a partial precipitation. Then add a 
slight excess of strong acetic acid (3-4 cc. of 80 per cent acid) and boil for a minute. 
Cool to room temperature and add 10 cc. of 30 per cent potassium iodid solution. 
Titrate at once with the thiosulphate solution until the brown tinge has become weak, 
then add sufficient starch indicator [VI, 3 (a)] to produce a marked blue coloration. 
Continue the titration cautiously until the color due to free iodin has entirely vanished. 
The blue color changes toward the end to a Caint lilac. If at this point the thiosulphate 
be added drop by drop and a little time allowed for complete reaction after each addi- 
tion, there is no difficulty in determining the end point within a single drop. One cc. 
of the thiosulphate solution wiU be found to correspond to about 0.005 gram of copper. 
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determination. 



After washing the precipitated cuprous oxid, cover the Gooch with a watch glass 
and dissolve the oxid by means of 5 cc. of warm nitric acid (1 to 1) poured under the 
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watch glass with a pipette. Catch the filtrate in a 260 oc. flask, ^ash the watch glaas 
and Gooch free of copper, using about 50 oc. of water. BoQ to expel red fumes, add 
5 cc. of hromin water, InhI off the bromin and ivoceed exactly as directed under 27. 

29 ///. Vohimeirie Permanganate Meihod, — QffkiaL 

Filter and wash the cuprous oxid as directed under 25. Transfer the asbestos fifan 
to the beaker, add about 80 oc. of hot water, and beat the precipitate and asbestos 
thoroughly. Rinse the crucible with 50 cc. of a hot saturated solution of ferric sulphate 
in 20 per cent sulphuric add, receiving the rinsings in the beaker containing the pre- 
cipitate. After the cufvous oxid is dissolved, wash the soluticii into a large Erlenmeyer 
flask and inunediately titrate with a standard solution of potassium permanganate, 
1 oc. of which should be equivalent to 0.010 gram of copper. Standardize this solution 
by making 6 or nujire determinations with the same sugar solution, titrating one-half 
of the predpttates obtained, and determining the copper in the others by electrolysis. 
The average weight of copper obtained by dectrolysis, divided by the average number 
of cc. of permanganate solution required for the titrations, gives the wei^^t of copper 
equivalent to 1 cc. of the standard permanganate solution. A solution standardised 
with iron or oxalic acid will give too low a result. 

30 IV. Eleetrofytie Deposition from Sulphuric Acid Solution. — Official. 

Filter the cuprous oxid in a Gooch, wash the beaker and the predpitate thoroughly 
with hot water without transferring the predpitate to the filter. Wash the asbestos 
fifan and the adhering cuprous oxid into the beaker by means of hot dilute nitric add. 
After the copper is all in solution, refilter through a thin fifan of asbestos in a Gooch 
and wash thoroughly with hot water. Add 10 cc. of sulphuric add (1 to 4), and 
evaporate the filtrate on the steam bath until the copper salt has largely crystattiaed. 
Heat carefully on a hot plate or over asbestos until the evolution of white fumes shows 
that the excess of nitric acid is removed. Add 8-10 drops of nitric acid (sp. gr. 1.42) 
and rinse into a 100-125 cc. platinum dish. Deposit the copper by electrolysis. Wash 
thoroughly with water, then break the current, wash with alcohol and ether succes- 
sively, dry at about 50°G., and weigh. If preferred, the electrolysis can be conducted 
in a beaker, the copper being dq[>osited upon a weighed platinum electrode. 

31 V. Eleetrofytie Depoiition from Sulphuric and Nitric Acid Soluiion. — Official. 

Filter and wash as directed under 30. Transfer the asbestos film from the crudble 
to the beaker by means of a glass rod and rinse the crucible with about 30 cc. of a 
boiling mixture of dilute sulphuric and nitric adds, containing 65 cc. of sulphuric add 
(sp. gr. 1.84) and 50 cc. of nitric add (sp. gr. 1.42) per liter. Heat and agitate until 
solution is complete; filter and electrolyze as directed under 30. 

32 VI. Eleetrofytie Deposition from Nitric Acid Solution. — Official, 

Filter and wash as directed under 30. Transfer the asbestos film and adhtfing oxid 
to the beaker. Dissolve the oxid still remaining in the crudble by means of 2 cc. of 
nitric add (sp. gr. 1.42), adding it with a pipette and recdving the solution in the 
beaker containing the asbestos film. Rinse the crucible with a jet of water, allowing 
the rinsings to flow into the beaker. Heat the contents of the beaker until the copper 
is all in solution, filter, dilute the filtrate to a volume of 1(X) oc. or more, and electrolyze. 
When a nitrate solution is electrolyzed, the first washing of the deposit should be made 
with water acidulated with sulphuric acid, in order to remove all the nitric acid before 
the current is interrupted. 
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33 VII, Reduction in Hydrogen, — OfficiaL 

Deposit an asbestos fihn on a perforated pbtimim disc or cone contained in a liard 



tube, wash free from loose fibers, dry and weif^. Through this tube, 
previously moistened, fiher the cuprous oxid immediately, using sucticm. Transfer the 
cuprous oxid to the tube through a removable funnel, and wash thoroughly with hot 
water, alcohol and ether sucoeasiYely. After drying, connect the tube with a supply of 
ciry hydrogen, heat gently until the cuprous oxid is completdy reduced to metallic 
cxipper, cool in the current of hydrogen, and weigh. If preferred, a Gooch crucible 
may be used for the filtraticm. 

Hertjeld Gravimetric Method.— Official. 

Method I. 

(For materials containing 1.5% or less of invert sugar and 08.5% or more of sucrose.) 

34 REAGBNTS. 

The reagents and solutions used are described under 24. 

* 

35 DSTBimiNATKHV. 

Prepare the solution of the material to be examined so as to contain 20 grams in 
100 cc., free from suspended impurities by filtration and from soluble impurities by 
neutral lead acetate, removing the excess of lead by means of sodium carbonate. Place 
50 cc. of the reagent and 50 cc. of the sugar solution in a 250 oc. beaker. Heat this 
mixture at such a rate that approximately 4 minutes are required to bring it to the 
boiling point, and boil for exactly 2 minutes. Add 100 cc. of cold recently boiled water. 
Filter immediately through asbestos, and determine the copper by one of the methods 
under 26, 28-33, respectively. Obtain the corresponding percentage of invert sugar 
from 36. 
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Table 1. — ^Heufbld Taalb*. 



For the determination oj inoeri sugar in materials containing i.5% or less of invert sugar 

and $8.5% or more of sucrose. 
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. Method IL 

(For materials cuntaining more than 1.5% of invert sugar and h*ss than 9*>.5'\* of 

sucrose.) 

37 RBAGBNTS. 

» 

Same as descTi})ed under 24. 

38 DETTER Ml NATION. 

Prepare a solution of the material to be examined in such a manner that it contains 
20 grams in 100 cc. after clariOcation and removal of the excess of lead. Prepare a 
series of solutions in large test* tubes by adding 1, 2, 3, 4, and 5 cc. of this solution to 
each tube successively. Add 5 cc. of the reagent to each, heat to boiling, boil 2 minutes, 
and filter. Note the volume of sugar solution which gives the filtrate lightest in tint, 
but still distinctly blue. Place 20 times this volume of the sugar solution in a 100 ix:. 
flask, dilute to the mark, and mix well. Use 50 cc. of the solution for the determination, 
which is conducted as described under 35. For the calculation of the result use the 
following formulas and table of factors of Meiad and HiUer: 

Let Cu » the weight of coppec obtained ; 

P "* the polariaatioci of the sample; 

W^the weight of the sample in the 50 cc. of the solution used' for the 
determination; 

F = the factor obtained from the table for the conversion of copper to 
invert sugar; 

Then — = Z, approximate weight of invert sugar; 

r, 100 ^, 

Z X -rrr = Y, approxmaate per cent of invert sugar; 
W 

100 P „ , . . , 

- — — =R, approxmaate per cent of sucrose m mixture of sugars; 

100 —R^ I, approximate per cent of invert sugar; 

CuF 

— - = per cent of mvert sugar. 

The fai'tor F for calculating (X)pper to invert sngar is then found from 39. 
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Tablb 2. 



MeUsI and HiUer*8* factors /or delerminationa in maitriids in vjhicK of the total sugars 
present J more than 1.5% is invert sugar, and Ifss tiian 98.5% is sucrose. 







APPROXIMATE ABSOLUTE MRlGHT UP INVERT SUGAR (Z) 




RATIO OF SUCIUMIK 
















TiaAMVENT 

nuc2An=H : I. 


200 


175 


150 


126 


100 


76 


50 




mUligraoM 


milligraais 


millignuDA 


milligraiDa 


millisrama 


milligranu 


milligrams 


« 


per eenl 


percent 


per eerd 


per cent 


per cent 


pvefil 


per qent 


P:100 


56.4 


55.4 


54.5 


53.8 


53.2 


63.0 


53.0 


10:90 


56.3 


55.3 


54.4 


53.8 


53.2 


52.9 


52.9 


20:80 


56.2 


,55.2 


54.3 


53.7 


53.2 


62.7 


52.7 


30:70 


56.1 


55.1 


54.2 


53.7 


53.2 


52.6 


52.6 


40:60 


55.9 


55.0 


64.1 


. «.6 


;63.1 


52.5 


52.4 


50:50 


55.7 


54.9 


54.0 


' 53.5 


53.1 


52.3 


5^2 


60 : 40 


55.6 


54.7 


53.8 


53.2 


52.8 


62.1 


5i.9 


70:30 


55.5 


54.5 


. 53.5 


52.9 


52.5 


61.9 


51.6 


80:20 


55.4 


54.3 


53.3 


52.7 


52.2 


51.7 


51.3 


90:10 


54.6 


.53.6 


53.1 


52.6 


62.1 


61.6 


5L2 

4 


91 :9 


54.1 


53.6 


52.6 


52.1 


61.6 


61.2 


5^7 


92 :8 


53.6 


53.1 


52.1 


.51.6 


-51.2 


60.7 


50.3 


93:7 


53.6 


53.1 


52.1 


. 61.2 


60.7 


6a3 


49.8 


94:6 


53.1 


52.6 


51.6 


50.7 


50.3 


49.8 


48.9 


95:5 


52.6 . 


, 52.1 


51.2 


♦ W.3 


.49.4 


48w9 


4ft.5 


96:4 


52.1 


51.2 


50.7 


il9.8 


48.9 


47.7 


46;9 


97:3 


. 50.7 


50.3 


49.8 


48.9 


47.7 


46.2 


4Aa 


98:2 


49.9 


48.9 


.48.5 


47.3 


45.8 


43.3 


40.0 


99: 1 


47.7 


47.3 


46.5 


45.1 


43.3 


41.2 


38.1 



Example: The polarisation of a Mtgar is 86*4 and 50 ex. of sokition containing 
3.256 grams of sample gave 0.290 gram of copper. 



0.145 » Z 
100 



Cu 0.290 
2 ~ 2 
ZXIOO 

100 ~R = 100 -95.1 « I = 4.9 
R : I = 95.1 : 4.9 

By consulting the table it will be seen that the vertical column headed 150 is nearest 
to Z, 145. and the horizontal column headed 95 : 5 is nearest to the ratio of R to I, 
95.1 : 4.9. Where these columns meet, we find the factor 51.2 which enters into the 
final calculation: 



Gu F 0.200X61.2 



W 



3.256 



4.56 per cent of inveort sugar. 



In case there is no sucrose present, the following table may be used instead of the 
factcMv given in 39. 
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methods op analysis 

Table 3. — ^Mbissl*s Tablb^. 

For the determination of ineert sugar alone, 

[According to Wein.] 
[Eiprewed in ailUcranw.] 
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rimirr 




INTBBT 




INTBBT 




iirrBBT 


covrBB 


8UOAB 


CO^BB 


SUOAB 


CO^BB 


tVOAB 


COWSB 


SUOAB 


90 


46.9 


135 


70.8 


180 


95.2 


225 


i2a4 


91 


47.4 


136 


71.3 


181 


95.7 


226 


120.9 


92 


47.9 


137 


71.9 


182 


96.2 


227 


121.5 


93 


48.4 


138 


72.4 


183 


96.8 


228 


122.1 


94 


48.9 


139 


72.9 


184 


97.3 


229 


122.6 


96 


49.5 


140 


73.6 


185 


97.8 


230 


123.2 


96 


60.0 


141 


74.0 


186 


98.4 


231 


123.8 


97 


50.5 


142 


74.5 


187 


99.0 


232 


124.3 


98 


61.1 


143 


75.1 


188 


99.5 


233 


124.9 


99 


51.6 


144 


75.6 


189 


100.1 


234 


125.6 


100 


52.1 


145 


76.1 


190 


100.6 


236 


126iO 


101 


62.7 


146 


76.7 


191 


101.2 


236 


126.6 


102 


53.2 


147 


77.2 


192 


101.7 


237 


127.2 


103 


53.7 


148 


77.8 


193 


102.3 


238 


127.8 


104 


54.3 


149 


78.3 


194 


102.9 


239 


128.3 


106 


54.8 


150 


78.9 


195 


103.4 


240 


128.9 


106 


56.3 


151 


79.4 


196 


104.0 


241 


129.6 


107 


55.9 


152 


80.0 


197 


104.6 


242 


130.0 


106 


56.4 


153 


80.5 


198 


106.1 


243 


130.6 


109 


56.9 


154 


81.0 


199 


105.7 


244 


131.2 


110 


57.5 


156 


81.6 


200 


106.3 


245 


131.8 


111 


58.0 


156 


82.1 


201 


106.8 


246 


132.3 


112 


58.5 


167 


82.7 


202 


107.4 


247 


132.9 


113 


59.1 


158 


83.2 


203 


107.9 


248 


133.6 


114 


59.6 


159 


83.8 


204 


108.5 


249 


134.1 


115 


60.1 


160 


84.3 


205 


109.1 


250 


134.6 


116 


60.7 


161 


84.8 


206 


109.6 


251 


135.2 


117 


61.2 


162 


85.4 


207 


110.2 


262 


135.8 


118 


61.7 


163 


85.9 


208 


110.8 


253 


136.3 


119 


62.3 


164 


86.5 


209 


111.3 


264 


136.9 


120 


62.8 


165 


87.0 


210 


111.9 


255 


137.5 


121 


63.3 


166 


87.6 


211 


112.5 


256 


138.1 


122 


63.9 


167 


88.1 


212 


113.0 


257 


138.6 


123 


64.4 


168 


88.6 


213 


113.6 


258 


139.2 


124 


64.9 


169 


89.2 


214 


114.2 


259 


139.8 


125 


65.5 


170 


89.7 


215 


114.7 


260 


140.4 


126 


66.0 


171 


90.3 


216 


115.3 


261 


140.9 


127 


66.5 


172 


90.8 


217 


116.8 


262 


141.5 


128 


67.1 


173 


91.4 


218 


116.4 


263 


142.1 


129 


67.6 


174 


91.9 


219 


117.0 


264 


142.7 


130 


68.1 


175 


92.4 


220 


117.5 


265 


143.2 


131 


68.7 


176 


93.0 


221 


118.1 


266 


143.8 


132 


69.2 


177 


93.5 


222 


118.7 


267 


144.4 


133 


69.7 


178 


94.1 


223 


119.2 


268 


144.9 


134 


70.3 


179 


94.6 


224 


119.8 


269 


145.5 
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corrsB 


llfTBBT 
•UOAK 


corvn 


immtr 

SUOAK 


ca^ 


INVBBT 
mjOAWi 


COrWBB 


nffVBBT 
•UOAK 


270 


146.1 


310 


169.7 


350 


193.8 


390 


218.7 


271 


146.7 


311 


170.3 


351 


194.4 


391 


219.3 


272 


147.2 


312 


170.9 


352 


196.0 


392 


219.9 


273 


147.8 


313 


171.5 


363 


195.6 


393 


22a5 


274 


148.4 


314 


172.1 


354 


196.2 


394 


221.2 


275 


149.0 


315 


172.7 


355 


196.8 


395 


221.8 


276 


149.5 


316 


173.3 


356 


197.4 


396 


222.4 


277 


150.1 


317 


173.9 


357 


198.0 


397 


223.1 


278 


150.7 


318 


174.5 


358 


198.6 


398 


223.7 


279 


151.3 


319 


175.1 


359 


199.2 


399 


224.3 


280 


151.9 


320 


175.6 


360 


199.8 


400 


224.9 


281 


152.5 


321 


176.2 


361 


200.4 


401 


225.7 


282 


153.1 


322 


176.8 


362 


201.1 


402 


226.4 


283 


153.7 


323 


177.4 


363 


201.7 


403 


227.1 


284 


154.3 


324 


178.0 


364 


202.3 


404 


227.8 


285 


154.9 


325 


178.6 


365 


203.0 


405 


228.6 


286 


155.5 


326 


179.2 


366 


203.6 


406 


229.3 


287 


156.1 


327 


179.8 


367 


204.2 


407 


230.0 


288 


156.7 


328 


180.4 


368 


204.8 


406 


23a7 


280 


157.2 


329 


181.0 


360 


205.5 


409 


231.4 


200 


157.8 


330 


181.6 


370 


206.1 


410 


232.1 


291 


158.4 


331 


182.2 


371 


206.7 


411 


232.8 


292 


159.0 


332 


182.8 


372 


207.3 


412 


233.5 


293 


159.6 


333 


183.5 


373 


208.0 


413 


234.3 


294 


100.2 


334 


184.1 


374 


206.6 


414 


235.0 


295 


160.8 


335 


184.7 


375 


209.2 


415 


235.7 


296 


161.4 


336 


185.4 


376 


209.9 


416 


236.4 


297 


162.0 


337 


186.0 


377 


210.5 


417 


237.1 


296 


162.6 


338 


186.6 


378 


211.1 


418 


237.8 


299 


168.2 


339 


187.2 


379 


211.7 


419 


2385 


300 


163.8 


340 


187.8 


380 


212.4 


420 


239.2 


301 


164.4 


341 


188.4 


381 


213.0 


421 


239.9 


302 


165.0 


342 


189.0 


382 


213.6 


422 


240.6 


303 


165.6 


343 


189.6 


383 


214.3 


423 


241.3 


304 


166.2 


344 


190.2 


384 


214.9 


424 


242.0 


305 


166.8 


345 


190.8 


385 


215.5 


425 


242.7 


306 


167.3 


346 


191.4 


386 


216.1 


426 


243.4 


307 


167.9 


347 


192.0 


387 


216.8 


427 


244.1 


308 


168.5 


348 


192.6 


388 


217.4 


428 


244.9 


309 


169.1 


349 


193.2 


389 


218.0 


429 
430 


245.6 
246.3 



MALTOSB. 



41 Genera! Gravimetric Method. — Official. 

Proceed as directed under 25 and obtain, from XXX, Table 1, the weight of maltose 
equivalent to the weight of copper reduced. 
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42 REAGENTS. ** 

Xhe,jccagents<and solutions. used are<le8crib^ under 24. 
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DBTERMINATION . 



Plac^ 50 cc. of the reagept in a beaker and heatrto the boiling point. When bofling 
briskly^ add 2& cc. of the maltose solution containing not more than :0.250 gram of 
mahose and boil for 4 minutes. Filter immediately throogh asbestos and determine, 
by one of the methods given under 26, 28-33, . respectively, the amount of copper 
reduceJ. 

Obtaini^ from 44, the weight of maltose equivalent to the weight of copper found. 
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Table 4. 

For the delermination of mallose, 

[According to Wein'.] 

[ExpTHwrid in nuHiframs.] 





cvpnotJB 






CUPROUS 






cuphovs 




COPPSB 


oxip . 


KALTOSB 


COPPER 


OXJD 


aiALTOSB 


COPPBR 


oxn> 


MALTOeB 


31 . 


34.9 


26.1 


61 


68.7 


52.2 


91 


102.4 


78.6 


33. 


. 36.0 


27.0 


62 


69.8 


53.1 


92 


103.6 


79.5 


33 


37.2 


27.9 


63 


70.9 


53.9 


93 


104.7 


80.3 


34 


38.3 • 


28.7 • 


64 


72.1 


54.8 


94 


106.8 


81.2 


.36 . 

1 


39.4 


29.6 


65 


73.2 


65.7 


95 


107.0 


82.1 


*• 

36 


40.5 


30.5 


66 


74.3 


66.6 


96 


108.1 


83.0 


37 


41.7 


31^ 


67 


75.4 


57.4 


97 


109.2 


83.9 


38 


42.8 


32.2 


68 


76.6 


58.3 


98 


110.3 


84.8 


39 


43.9 


33.1 


69 


77.7 


69.2 


99 


111.6 


86.7 


40 


45.0 


33.9 


70 


78.8 


60.1 


100 


112.6 


9%S 


41 


46.2 


34.8 


71 


79.9 


61.0 


101 


113.7 


87.5 


42 


47.3 


36.7 


72 


81.1 


61.8 


102 


114.8 


88.4 


43 


48.4 


36.5 


73 


82.2 


62.7 


103 


116.0 


89.2 


44 


49.5 


37.4 


74 


83.3 


63.6 


104 


117.1 


90.1 


45 


50.7 


38.3 


75 


84.4 


64.5 


105 


118.2 


91.0 


46 


51.8 


39.1 


76 


85.6 


65.4 


106 


119. J 


91.9 


47- 


52.9 


40.0 


77 


86.7 


66.2 


107 


120 5 


92.8 


48 


54.0 


40.9 


78 


87.8 


67.1 


108 


121.0 


93.7 


49 


55.2 


41.^ 


79 


88.9 


68.0 


109 


122.7 


94.6 


•50 


56.3 


42.6 


80 


90.1 


68.9 


110 


12ri.8 


96.6 


51 


57.4 


43.5 


81 


91.2 


69.7 


111 


1^55.0 


96.4 


52 


58.5 


44.4 


82 


92.3 


70.6 


112 


126.1 


97.3 


53 


59.7 


45.2 


83 


93.4 


71.5 


113 


127.2 


98.1 


54 


60.8 


46.1 


84 


94.6 


72.4 


114 


128.3 


99.0 


55 


61.9 


47.0 


85 


95.7 


73.2 


115 


129.6 


99.9 


56 


63.0 


47.8 


86 


96.8 


74.1 


116 


130.6 


100.8 


57 


64.2 


48.7 


87 


97.9 


75.0 


117 


131.7 


101.7 


58 


65.3 


49.6 


88 


99.1 


76.9 


118 


132.8 


102.6 


59 


66.4 


50.4 


89 


100.2 


76.8 


119 


134.0 


103.6 


60 


67.6. 


51.3 


90 


101.3 


77.7 


120 


135.1 


104.4 
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Tam«e 4. — ContiouRtl. 
[£Kpvwae4 in MilVgnpis.] 



ooFPini. 


cvnuouB. 
oxa> 


BCAM>MB 


copprtf 


CUPBOUB 
OXID 


u^v^omt 


COVTfSIW 


CUPMMUB- 


MALTOSE 


121 


136 Ji 


105^ 


166 


186.^^ 


145.8 


211 


237^: 


186.9 


122 


137.4 


106^ 


167 


188.0 


146.7 


212 


238.7 


186<8 


123 


138:5 


107,1 


168 


189.1. 


147.6 


213 


239.8* 


187.7 


124 


139.6 


108:0 


169 


190-3- 


148.5 


514 


240.9 


188,6 


125 


140.7 


108.9 


170 


191.4. 


149.4 


216 


242.1* 


189L6 


120 


UL9 


1<»,B 


171 


192.6 


150.3 


216 


243,2 '. 


19a4 


127. 


1^.0 


110 J 


172 


193.6 


151.2 


217 


244.^- 


191*? 


138 


144.1 


1U.6 


173 


194.8 


162.0 


218 


245.4 


192.1 


129 


146.2 


112.5 


174 


195.9 


162.9 


219. 


246.6 


193.Q 


130 


146.4 


lldJL 


175 


197.0 


153.8 


220. 


247.7 


193.9 


131 


147.6 


114.3 


176. 


198.1 


154.7 


221 


2^.7 . 


194.8 


132 


148;6 


116.2 


177 


199.3 


166.6 


222 


249.9 


196»7 


133 


149.7 


uoa ' 


178. 


200^ 


156.6 


223 


251;0 


196.^ 


134 


150.9 


117.0 


179 


201.6 


167.^ 


.224 


262,4 


197>5 


136 


1S2.D- 


117.9 


180 


202.6 


158.3 


226 


263:3 


198.4 


136 


153.1 


118.8 


181 


203.8 


159.2 


226 


254:4 


199.3 


137 


154.2 


119.7 


182 


204.9 


160.1 


227 


255.6 


200.2 


138 


155.4 


120.6 


183 


. 206.0* 


160.9 


228 


266.7 


201.1 


139 


156.5 


121.5 


184 


207.1 


161.8 


229 


257.8 


202.0 


140 


157.6 


12214 


186 

• 


208.3 . 


162.7-.- 


. 230 


258.9 


202.»- 


141 


158.7 


12»^ 


yiR6- 


209.4 


1«a.9: 


[ 231 


• 260.1 


20318 


142 


159.9 


124.2 


187 


210.5 


.. 164,5 
165!4 


'. 232, . 


. 2^1.2 


2Q4.7,, 


143 


161.0 


125.1 


188 


211.7 


' 2to 


• 262.3 


• 2()5.6 


144 


162.1 


126.0 


180 


212.8 


166:3 


234 


263.4 


206.5 


145 


163.2 


126.9 


190 


213.9* 


167.2 


235 


264.6 


207.4 


146 


164.4 


127.8 


191 


215.0 


168.1 


236 


266.7 


208.3' 


147 


165.5 


128.7 . 


192 


216.2 


169.0 


237 


266.8 


209.1 


148 


166.6 


129.6 


193 


' 217.3 


" 169.8 


23gj 


468.0 * 


'•2W).0 


149 


167.7 


130.5 


194 


218.4 


170.7 


239 


269.1 


210.9 


150 


168.9 


131.4 


195' 


219.« 


* 171.6 


240 


270.2 


211.8^ 


151 


170.0 


132.3 


196 


• 220.7 


' 172.6 


• 241 


171.3 


^ItiJ 


. 152. 


• 171.1 


13^2 


. 197 


221.8 


. 173.4 


242 


'^.^2.5^'. 


; 213.6.- 


. 153 
154 


. 172.3 
173.4 


134.1 
135.0 


198 
199 


222.9 
224.0 


174.3 
176.2 


243 
244 


273^ . 


'' m 


155 


174.5 


135:9 


200 


225.2 


1^.1 


•' 245 


• 275.8' 


« 1 


156 


175.6 


136.8 


201 


226.3 


177.0 


246 


277.0 


217.2 


157 


176.8 


137.7 


202 


227.4 


177.9 


247 


278.1 


218.1 


158 


177.9 


138.6 


203 


228.5 


178.7 


248 


279.2 


219.0 


159 


179.0 


139.5 


204 


229.7 


179.6 


249 


280.3 


219.9 


160 


180.1 


140.4 


205 


230.8 


180.5 


250 


281.5 


220.8 


161 


181.3 


141.3 


206 


231.9 


181.4 


251 


282.6 


221.7 


162 


182.4 


142.2 


207 


233.0 


182.3 


252 


283.7 


222.6 


163 


183.5 


143.1 


208 


234.2 


183.2 


253 


284.8 


223.5 


164 


184.6 


144.0 


209 


235.3 


184.1 


254 


286.0 


224.4 


165 


185.8 


144.9 


210 


236.4 


185.0 


255 


287.1 


225.3 



88 



METHODS OP ANALYSIS 



[VII 



Table 4. — Concluded. 









[Fipffwwl in MJB 


hnmM.] 








oorpBii 


CUPMIVB 

oxn> 


MALTOSB 


cor« 


cumooB 

OXID 


MALTCWB 


oowm 


cumooB 


MALTCMB 


256 


288.2 


226.2 


271 


305.1 


239.7 


286 


322.0 


253.1 


267 


289.3 


227.1 


272 


306.2 


240.6 


287 


323.1 


254.0 


258 


290.5 


228.0 


273 


307.3 


241.5 


288 


324.2 


254.9 


259 


291.6 


228.9 


274 


306.5 


242.4 


289 


325.4 


255.8 


200 


292.7 


229.8 


275 


309.6 


243.3 


290 


326.5 


256.6 


261 


293.8 


230.7 


276 


310.7 


244.2 


291 


327.4 


257.5 


262 


295.0 


231.6 


277 


311.9 


245.1 


292 


328.7 


258.4 


263 


296.1 


232.5 


278 


313.0 


246.0 


293 


329.9 


259.3 


264 


297.2 


233.4 


279 


314.1 


246.9 


294 


331.0 


260.2 


265 


296.3 


234.3 


280 


315.2 


247.8 


295 


332.1 


261.1 


266 


299.5 


235.2 


281 


316.4 


248.7 


296 


333.2 


262.0 


267 


300.6 


236.1 


282 


317.5 


249.6 


297 


334.4 


262.8 


268 


301.7 


237.0 


283 


318.6 


250.4 


298 


335.5 


263.7 


269 


302.8 


237.9 


284 


319.7 


251.3 


299 


336.6 


264.6 


270 


304.0 


238.8 


285 


320.9 


252.2 


300 


337.8 


265.5 



LACTOSB. 

45 General Graoimeirie Method, — Cffieiml. 

Proceed as directed under 25 and obtain, from XXX, Table 1, the weight of lactose 
equivalent to the weight of copper reduced. 

SwtMet-Wein Method.—Offieial. 

46 REAGENTS. 

Tlie reagents and solutions used are described under 24. 

47 DETERMINATION. 

nace 50 cc. of the reagent in a beaker and heat to the boiling point. When boiling 
briskly, add 100 cc. of the lactose solution containing not more than 0.300 gram of 
lactose and boil for 6 minutes. Filter immediately through asbestos and determine by 
one of the methods given under 26, 28-33, respectively, the amount of copper reduced. 
Obtain, from 48, the weight of lactose equivalent to the weight of copper found. 
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48 



Table 5« 

For the delerminaiUm of heUue (SoMet'Wein*). 
[FwffffiMwd in ■iMgr—M.l 



co«. 


LACTOSB 


c«« 


LACTOSE 


co«. 


uicTon 


COWBh 


LAGTOUB 


c«« 


iMsnmm 


100 


71.6 


145 


105.1 


190 


139.3 


235 


173.1 


280 


208.3 


101 


72.4 


146 


105.8 


191 


140.0 


236 


173.9 


281 


209.1 


102 


73.1 


147 


106.6 


192 


140.8 


237 


174.6 


282 


209.9 


103 


73.8 


148 


107.3 


193 


141.6 


238 


175.4 


283 


210.7 


104 


74.6 


149 


108.1 


194 


142.3 


239 


176.2 


284 


211.5 


105 


75.3 


150 


108.8 


195 


143.1 


240 


176.9 


285 


212.3 
^.1 


106 


76,1 


151 


109.6 


196 


143.9 


241 


177.7 


286 


107 


76.8 


152 


110.3 


197 


144.6 


242 


178.5 


287. 


213.9 


108 


77.6 


153 


111.1 • 


198 


145.4 


243 


179.3 


•^?- 


21it7 


109 


78.3 


154 


111.9 


199 


146.2 


244 


180.1 


);Sj. 


».r^ 


110 


79.0 


155 


112.6 


200 


146.9 


245 


18a8 


i^; 


^3 


111 


79.8 


156 


113.4 


201 


147.7 


246 


181.6 


^2ftr 


2mT,\ 


112 


80.5 


157 


114.1 


202 


148.5 


247 


182.4 


292 


217.9 


113 


81.3 


158 


114.9 


203 


149.2 


248 


183.2 


29a 


218.7 


114 


82.0 


159 


115.6 


204 


150.0 


249 


184.0 


294 


219.5 


115 


82.7 


160 


116.4 


205 


160.7 


250. 


184.8 


295 


220A 
221.1*- 


116 


83.5 


161 


117.1 


206 


151.5 


251' 


» 185:5^ 


^ 296 


117 


84.2 


162 


117.9 


207 


152.2 
153.0 


^252 


isr.i' 


,297 


•ii? 


118 


85.0 


163 


118.6 


208 


•JSS ' 


'298 • 


119 


85.7 


164 


119.4 


209 


153.7. 


254 


187.9 


299 


«3<fc 


120 
121 
122 
123 
124 


86.4 
87.2 
87.9 
88.7 
89.4 


165 
166 
167 
168 
169 


120.2 
120.9 
121.7 
122.4 
123.2 


210 
211 
212 
213 
214 


154.6] 

155.2 

166.0 

166.7 

157.5 


258 


. 191.0 
191.8 


.r3eo, 

»^ 

303" 
' *4 


'"225^ 
/W7:5 


125 


90.1 


170 


123.9 


215 


158.2, 


>,m. 


^ 192.5 


305 


228.R 


126 


90.9 


171 


124.7 


216 


169.0 


^1 


193.3 


306 


229.1 


127 


91.6 


172 


125.5 


217 


159.7 


If fl2 . 


'KJl94ii ) 


i:-8fl7i" 


v2a9l8 


128 
129 


92.4 
93.1 


173 
174 


126.2 
127.0 


218 
219 


160.4 
161.2 


>^g9. 


m 


309 


^m 


130 


93.8 


175 


127.8 


220 


161.9 


2ife' 


196.4 


310 


232.2 


131 


94.6 


176 


128.5 


221 


162.7 


266 


197.2 


311 


232|ft: 
233.7 


132 


95.3 


177 


129.3 


222 


163.4 


267 


198.0 


312 


133 


96.1 


178 


130.1 


223 


164.2 


•3»^ 


't.>i8aft' 


\.3l8 ' 


^'S34.5 


134 


96.9 


179 


130.8 


224 


164.9 


m.. 


19».5^ . 


.,.#W u 


,,f235A, 


135 


97.6 


180 


131.6 


225 


165.7 


mo' 


'■ms^^ 


'm^ 


'236,1 
" 2315.8^ ■ 


136 


98.3 


181 


132.4 


226 


166.4 


271' 


'^aoi'.i'f' 


13W 


137 


99.1 


182 


133.1 


227 


167.2 


272.' 


.o.201:^v 


•^317v 


\ 237.6 


138 
139 


99.8 
100.5 


183 
184 


133.9 
134.7 


228 
229 


167.9 
168.6 


273.,, 
274 


m- 


■i\i 


"ill' 


140 


101.3 


185 


135.4 


. 230 


169.4 


275 


204.3 


320 


240.6^ 


141 


102.0 


186 


136.2 


231 


170.1 


276 


1'{206J; 


■>. 321 


aia7 


U2 


102.8 


187 


137.0 


232 


170.9 


277 , 


' ^:?- 


.322 


, '^lr5^, 


143 


103.5 


188 


137.7 


233 


171.6 


278 


'323 




144 


104.3 


189 


138.5 


234 


172.4 


279 


i.i:!l _ /I 




11 ' 1 It. 11. 
















♦j! I ni».t'l<» iM';'. . 


- j)<'«'S«'». 
















^^ i-t -.1 


1 . ' • 
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Table 5.* — Goncltiderl. 



COPPER 


LACT08B 


COPPKIt 


LACT08K 


COPPBR 


LACTOHB 


COPPBR 


LACTOMB 


COPPBR 


LACTOSE 


325 


243.9 


340 


255.7 


355 


268.0 


370 


280.5 


385 


293.4 


326 


244.6 


341 


256.5 


356 


268.8 


871 


281.4 


386 


294.2 


327 


245.4 


342 


257.4 


357 


269.6 


372 


282.2 


'i87 


295.1 


328 


246.2 


343 


258.2 


358 


270.4 


373 


283.1 


388 


296.0 


329 


247.0 


344 


259.0 


359 


271.2 


374 


283.9 


380 


296.8 


330 


247.7 


345 


259.8 


360 


272.1 


375 


284.8 


390 


29?.7 


331 


248.5 


346 


260.6 


361 


272.9 


376 


285.7 


391 


298.5 


332 


249.2 


347 


261.4 


362 


273.7 


377 


286.5 


392 


2*99.4 


333 


250.0 


348 


262.3 


363 


274.5 


.378 


287.4 


393 


300.3 


334 


250.8 


349 


263.1 


. 364 


275.3 


379 


2882 


394 


3pl.l 


335 
336 


251.6 


350 


263.9 


M 


276.2 


380 


289.1 


395 


302.0 


252.5 


351 


264.7 


366 


277.1 


381 


289.9 


396 


302.S 


337 


253.3 


352 


265.5 


367 


277.9 


382 


290.8 


397 


3a3.V 


. ^ 


254.1 


353 


266.3 


368 


278.8 


383 


291.7 


398 


304. » 


339 

1 


2$l.9 

• 


354 


267.2 

t 


369 


279.6 


384 


292.5 


399 
.400 


305 \ 

306 ; 






/' , 


tf 






i i 1 


_ — 1 _ 




_ . • • _. _ 



DEXTROSE. 
49. , Approxim<ite Volumetric Method Jpr liapid'Work.^-Teniatwe* 

Pfoceed as direqted under 21. ^tefridardize the refigent agauost pure dextrose. 

50 Soxhlel Method.— Tentative, 

' Proceed a& directed under '23. Under these conditions 100 cc'. of the reagent require 
0;475 gram of anhydrous dextrose for complete reduction and the fprmula becomes 

i<)o:xo.475 . ' ^ .," V . ■ -• 

:^r— — '■ = per cent of de^^trbse. , . 

51 General Gravimetric Method.-^OfficiaL 

Ptdceed 'ad. directed' Under '25 and obtfein, from.XXX, Table 1^ the wight of dox4rose 
e<|uivalent to the weight of copper reduced. • 
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Allihn Gravimetric Method,-^ r.cial. 

REAGENT,- 



. - - - ■ I 

Allihn^s ModificeUiort of Fehling^s Sd/tt/iofi.— l*repared by mixing, inimerK'^tt' *'«»foro 
use, equal volumes of (a) and Kb). ' ' • • • \ 

(a) Copper sulphate solution. — D^ssqlve 34.639 gr^mn of copper sulphate ((^;^' ()i 
5H^^ in water and dilute to 500 cc. . . 

(b) Alkaline tartrate solution.^-THssk^c 173.grams of H(Kh:il!e salts aMd 125 grams 
of potassium hydroxid in water and dilute to 500- cc. 
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DETERMINATION. 



Place 30>C4^ of the copper sulphate HolutioA, 30 cc.of tlio t \^line taili^le solittion, 
and 60 cc. of watet in a beaker and h^at to bmKng, .\dd 25 • •' of th6 solution x>f the 
material to be examin^, prepared so as not to contain more tha* '\2£ gram of dexjtrose, 
and boil for exactly 2 minutes, keeping the beaker covered. Pili • r imme(liately through 
asbestos, and obtain the weight of copper by one of the methods ivcn under 26, 28-33, 
respectively. The corresponding weight of dextrose is found in 54. 



viii 



POODS AND FEEDING STUFP8:'~H:RBHIGAL METHODS 



Ql 



54 



Table 6. — AixraN's TABfiE". ' ? • 
For the dekrminaHon of dextrose, 

[Expressed in auUigrams.] 





cvphqus 






GUPROUB 






CUPROUS 




COPPER 


OXIP 


DEXTROBB 


COPPER 


OXID 


DEXTROSE 


COPPER 


oxip 

1 • * 


DEXTROSE 


IT 


12,4 


6.6 


56 


63.0 


28.8 


101 


113.7 


51.4 


.K 


13,5 


7.1 


57 


64.2 


29.3 


10^ 


114.8 


51.9 


13 


14,6 


7.6 


58 


66.3 


29.8 


103 


116.0 


52.4 


14 


1:5.8 


8.1 


59 


66:4 


30.3 


104 


lf7.1 


52.9 


15 


16.9^ 


8.6 


60 


67.6 


30.8 


105 


118.2 


53.5 


le 


18.0 


9.0 


61 


68,7 
69.8:' 


31.3 


106 


119.3 


5^.0 


17 


lOll 


9.5 


62 


31.8 


107 


1^.^ 


54.5 


18 


20^ 
2l.4 


10.0 


63 


70.9* 


32.3 


108 


121.6 : 


55.0 


19 


10.5 


64 


72.r* 


32.8 


IM 


122.7 


55.5 


20 


22.5 


11.0 


65. 


73.?. 


33.3 


110 


123.8^ 


56.0 


21. 


23,6 


11.5 


66 


ii^ 


33,8 


111 


125.6 


56.5 


22 


24.8' 


12.0 


61 


7o.4" 


34.3 


112 


126.1. 


57.0 


23. 


25.9 


12 5 


6& 


7t).6 * 


34-8 


113 


127.2 


57.5 


24 


27.0* 


13.0 


69 


77.7 ' 


35.3 


114 


128.3 


58.0 


25 


28.1 


13.5 

• 


. 70 


78,8 


35.8 

* 


115 

• • 


1294 


58.6 


26 


29.3 


14.0 


iX 


79.9* 


36.3 


116 


13b.B 


59.1 


27 


30.^ 


14.5 


.72 


81.1' 


36.8 


.117 


131.7 


59.6 


.28, 


31.4 


15.0 


.^73 


fc.2 ' 


37.3 


.118 


1323 


60.1 


29 


32.7 


I0.5 


74 


8r.3 


37.8 


119 


134.0 


60.6 


.30. 


333 


J.6.0 


, 75 


8 1.4 

• 


38<3 


120 


135.1 


61.1 


31 


44:9- 


16.5 


76 


So\\' 


3S,8 


121 


136.2 


61.6 


32 


3i6,a 


17.0 
17.5 


.IT 


56 7/ 


39.3 


122 


137.4 


62.1 


33 


37.2 


JS 


87.?f- 


39.8 


123 


138.5 


62.6 


2(4 


SS.'S' 


18.0 


79 


88.^' 


40.3 


124 


139.6 


63.1 


35. 


39,4 


18.5 


?0 


90.1 


40.8 


125 


140.7 


63.7 

• 


36 


40.5 


18.9 


81 


9a* 


41.3 


126 


14119 '' 


64.2 


37 


^1-r 


19.4 


82 


9i2.3 


41.8 


127 


143.0 


64.7 


38 


423.' 


19.9 


83 


93.4 


42.". 


128 


144.1 


65.2 


39' 


43.9 


20.4 


84 


94.6' 


4'\K 


129 


145.2 


65.7 


40 


45.0 


20.9 


85 


95.7 


4^4 1 


1 130 


146.4 


66.2 


41 


46,2 


21.4 


86 


96,8* 


43.9 


131 


147:5 


66.7 


42 


47.3 


21.9 


87 


97.9 


44.4 


13i 


14S.6 


67.2 


43 


48,4,. 
49:^ 


^.4 


88 


99.1 • 


44.9 


133 


149.7'; 


67.7 


44 


22.9 


89 


100.2* 


45.4 


1.34 


150.'9'* 


68.2 


45 


50.7 


23.4 


.90 


101.3 


45.9 


135 


l.^>2.0 


68.8 


46; 


51.8' 


23.9 


.^1; 


162.4* 


46.4 


136 


15:3.1 • 


; ^,3 


47' 


52.9 


24.4 


92 


103.6 


45.9 


137 


1.54.2 


(. S 


48. 


54.0 


24.9 


93. 


104.7 


47.4 


138 


15.").4 


7'. ) 


49 


65.2 


25.4 


94 


105.8 * 


47.9 


139 


1.56.r, • 


70 ; 


50 


56.3 


25.9 


95 


107.0 


48.4 

• 


140 


157.6 


71 3 


61 


57.4 


26.4 


96 


108.1 


48.9 


141 


158.7* 


7;s 


52 


58.5 


26.9 


97 


109.2 


49.4 


142 


159.9 * 


V2 ' 


53 


59.7 


27.4 


98 


110.3 


49.9 


143 


161.0 


72.) 


54 


60.8 


27.9 


99 


111.5 


50.'4 


144 


162.1 * 


7? \ 


55 


61.9 


28.4 


100 


112.6 


60.9 


145 


163.2 


7'i..) 
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Table 6. — ^Alubn's Tablb. — Continued. 
[Espranad in I 



COPPBR 


cuphovb 

OXII» 


DKXTMMB 


corrBB 


ciwnoua 

OXD 


DBXTMMB 


ca«. 


CVPBKNm 


o«x.o« 


146 


164.4 


74.4 


191 


215.0 


97.8 


236 


265.7 


121.7 


147 


165.5 


74.9 


192 


216.2 


98.4 


237 


266.8 


122.3 


148 


166.6 


75.5 


193 


217.3 


98.9 


238 


268.0 


122.8 


149 


167.7 


76.0 


194 


218.4 


99.4 


239 


269.1 


123.4 


150 


168.9 


76.5 


195 


219.5 


100.0 


240 


270.2 


123.9 


151 


170.0 


77.0 


196 


220.7 


100.5 


241 


271.3 


124.4 


152 


171.1 


77.5 


197 


221.8 


101.0 


242 


272.5 


125.0 


153 


172.3 


78.1 


198 


222.9 


101.5 


243 


273.6 


125.5 


154 


173.4 


78.6 


199 


224.0 


102.0 


244 


274.7 


126.0 


155 


174.5 


79.1 


200 


225.2 


102.6 


245 


275.8 


126.6 


156 


175.6 


79.6 


201 


226.3 


103.1 


246 


277.0 


127.1 


157 


176.8 


80.1 


202 


227.4 


103.7 


247 


278.1 


127.6 


158 


177.9 


80.7 


203 


228.5 


104.2 


248 


279.2 


128.1 


159 


179.0 


81.2 


204 


229.7 


104.7 


249 


280.3 


128.7 


160 


180.1 


81.7 


205 


230.8 


105.3 


260 


281.5 


129.2 


161 


181.3 


82.2 


206 


231.9 


105.8 


251 


282.6 


129.7 


162 


182.4 


82.7 


207 


233.0 


106.3 


252 


283.7 


130.3 


163 


183.5 


83.3 


208 


234.2 


106.8 


253 


284.8 


130.8 


164 


184.6 


83.8 


209 


235.3 


107.4 


254 


286.0 


131.4 


165 


185.8 


84.3 


210 


236.4 


107.9 


255 


287.1 


131.9 


166 


186.9 


84.8 


211 


237.6 


108.4 


256 


288.2 


132.4 


167 


188.0 


85.3 


212 


238.7 


109.0 


257 


289.3 


133.0 


168 


189.1 


85.9 


213 


239.8 


109.5 


258 


290.5 


133.5 


169 


190.3 


86.4 


214 


240.9 


110.0 


259 


291.6 


134.1 


170 


191.4 


86.9 


215 


242.1 


110.6 


260 


292.7 


134.6 


171 


192.5 


87.4 


216 


243.2 


111.1 


261 


293.8 


136.1 


172 


193.6 


87.9 


217 


244.3 


111.6 


262 


295.0 


135.7 


173 


194.8 


88.5 


218 


245.4 


112.1 


263 


296.1 


136.2 


174 


195.9 


89.0 


219 


246.6 


112.7 


264 


297.2 


136.8 


175 


197.0 


89.5 


220 


247.7 


113.2 


265 


298.3 


137.3 


176 


198.1 


90.0 


221 


248.7 


113.7 


266 


299.5 


137.8 


177 


199.3 


90.5 


222 


249.9 


114.3 


267 


300.6 


138.4 


178 


200.4 


91.1 


223 


251.0 


114.8 


268 


301.7 


138.9 


179 


201.5 


91.6 


224 


252.4 


115.3 


269 


302.8 


139.5 


180 


202.6 


92.1 


225 


253.3 


115.9 


270 


304.0 


140.0 


181 


203.8 


92.6 


226 


254.4 


116.4 


271 


305.1 


140.6 


182 


204.9 


93.1 


227 


255.6 


116.9 


272 


306.2 


141.1 


183 


206.0 


93.7 


228 


256.7 


117.4 


273 


307.3 


141.7 


184 


207.1 


94.2 


229 


257.8 


118.0 


274 


308.5 


142.2 


185 


208.3 


94.7 


230 


258.9 


118.5 


275 


309.6 


142.8 


186 


209.4 


95.2 


231 


260.1 


119.0 


276 


310.7 


143.3 


187 


210.5 


95.7 


232 


261.2 


119.6 


277 


311.9 


143.9 


188 


211.7 


96.3 


233 


262.3 


120.1 


276 


313.0 


144.4 


189 


212.8 


96.8 


234 


263.4 


120.7 


279 


314.1 


145.0 


190 


213.9 


97.3 


235 


264.6 


121.2 


280 


315.2 


145.5 
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Tablb 6. — ^Alubn*s Tams. — Continued. 



COFFSa 


CVFMyOS 




comm 


cunKtra 


DBXTIMMB 


corrsii 


OQUD 


•«XM-. 


281 


316.4 


146.1 


326 


367.0 


170.9 


371 


417.7 


196.3 


282 


317.5 


146.6 


327 


368.2 


171.4 


372 


418.8 


196.8 


283 


318.6 


147.2 


328 


OQV.O 


172.0 


373 


420.0 


197.4 


284 


319.7 


147.7 


329 


370.4 


172.5 


374 


421.1 


198.0 


285 


320.9 


148.3 


330 


371.5 


173.1 


375 


422.2 


198.6 


286 


322.0 


148.8 


331 


372.7 


178.7 


376 


423.3 


199.1 


287 


323.1 


149.4 


332 


373.8 


174.2 


377 


424.5 


199.7 


288 


324.2 


149.9 


333 


374.9 


174.8 


378 


425.6 


200.3 


280 


325.4 


150.5 


334 


376.0 


175.3 


379 


426.7 


200.8 


290 


326.5 


151.0 


335 


3n.2 


175.9 


380 


427.8 


201.4 


291 


327.4 


151.6 


336 


378.3 


176.5 


381 


429.0 


202.0 


292 


328.7 


152.1 


337 


379.4 


177.0 


382 


430.1 


202.5 


293 


329.9 


152.7 


338 


380.5 


177.6 


383 


431.2 


203.1 


294 


331.0 


153.2 


339 


381.7 


178.1 


384 


432.3 


203.7 


295 


332.1 


153.8 


340 


382.8 


178.7 


385 


433.5 


204.3 


296 


333.3 


154.3 


341 


388.9 


179.3 


386 


434.6 


204.8 


297 


334.4 


154.9 


342 


385.0 


179.8 


387 


435.7 


205.4 


298 


335.5 


155.4 


343 


386.2 


180.4 


388 


436.8 


206.0 


299 


336.6 


156.0 


344 


387.3 


180.9 


389 


438.0 


206.5 


300 


337.8 


156.5 


345 


388.4 


181.5 


390 


439.1 


207.1 


301 


338.9 


157.1 


346 


389.6 


182.1 


391 


440.2 


207.7 


302 


340.0 


157.6 


347 


390.7 


182.6 


392 


441.3 


208.3 


303 


341.1 


158.2 


348 


391.8 


183.2 


393 


442.4 


208.8 


304 


342.3 


158.7 


349 


392.9 


183.7 


394 


448.6 


209.4 


305 


343.4 


159.3 


350 


394.0 


184.3 


395 


444.7 


2X0.0 


306 


344.5 


150.8 


351 


395.2 


184.9 


396 


445.9 


210.6 


307 


345.6 


160.4 


352 


396.3 


185.4 


397 


447.0 


211.2 


308 


346.8 


160.9 


353 


397.4 


186.0 


398 


448.1 


211.7 


309 


347.9 


161.5 


354 


398.6 


186.6 


399 


449.2 


212.3 


310 


349.0 


162.0 


355 


399.7 


187.2 


400 


450.3 


212.9 


311 


350.1 


162.6 


366 


400.8 


187.7 


401 


451.5 


213.5 


312 


351.3 


163.1 


357 


401.9 


188.3 


402 


452.6 


214.1 


313 


352.4 


163.7 


358 


403.1 


188.9 


403 


453.7 


214.6 


314 


353.5 


164.2 


359 


404.2 


189.4 


404 


454.8 


215.2 


315 


354.6 


164.8 


360 


405.3 


190.0 


405 


456.0 


215.8 


316 


356.8 


165.3 


361 


406.4 


190.6 


406 


457.1 


216.4 


317 


356.9 


165.9 


362 


407.6 


191.1 


407 


458.2 


2ir.o 


318 


358.0 


166.4 


363 


408.7 


191.7 


408 


459.4 


217.5 


319 


359.1 


167.0 


364 


409.8 


192.3 


409 


460.5 


218.1 


320 


360.3 


167.5 


365 


410.9 


192.9 


410 


461.6 


218.7 


321 


361.4 


168.1 


366 


412.1 


193.4 


411 


462.7 


219.3 


322 


362.5 


168.6 


367 


413.2 


194.0 


412 


463.8 


219.9 


823 


363.7 


169.2 


368 


414.3 


194.6 


413 


465.0 


220.4 


324 


364.8 


169.7 


369 


415.4 


195.1 


414 


466.1 


221.0 


325 


365.9 


170.3 


370 


416.6 


195.7 


415 


467.2 


221.6 
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Table 6. — Aixirn*s TA»iJB;--€ooeluded. 

[GuMMMd in HTiHffiirwTir 1 



COPPER 


CUPROUS 
OXID 


DEXTROSE 


COPPER 

* 


CUPROV8 
0%ID 


DKXTROSB 

> 


^QOPPBR 


cvpnous 
0x10 


DBXTAOSB 


416 


468.4 


222.2 


436 


490.9 


233.9 


456 


513.4 

5f4;5 


246.7 


417 


469,5 


222.8 


437 


492.0 


234.5 


457 


246.^ 


418 


470.6 


223.3 


438 


4^.1 


235.1 


45$ 


515.6 


246.9 


4^9 


471,8 


223.9 


439 


494.3 


235.7 


'450 


516w8 


247.6 


.420 


472.9 . 


224.5 


440 


495.4 


236.3 


460 


517.9 


248.1 


421 


474.0. 


225.1 


441 


496.5 


236»0 


461 


519.0 


248.7 


422 


475.6. 


225.7 


442 


497:6 


237.5 


.402 


520.1 


249.3 


.423 


476.2 


226.3 


.443 


49a8 


238.1 


4^ 


521.3 


249.^ 


424' 


477.4 


226.9 


444 


499.9 


238.7 


m 






;425 


478.6. 


227.5 


445 


501.0 

• 


239.3 








426 


479.6. 


228.0 


446 


502,1 


239.8 








427' 


480.7 


228.6 


447 


5Q3.2 


240.4 




« 


" 


428 


481.9. 


229.2 


448 


564.4 


241.0 


1 


. 


• 


429 


483.0 


229.8 


449 


505.5 


241.6 




( * '. 


•.. 


430; 


484.1. 


230.4 


450 


506.6 

• 


242,2 




, 


• 


431. 


485,3 


231.0 


451 


507.8 


242.8 


f 






482' 


486.4 . 


281.6 


452 


508.9 


243.4 


_ 


• 

• 




433" 


487,5" 


232.2 


453 


510.0 


244.0 








434 


488.6 


232.8 


454 


511.1 


244.6 




^ 


» 


435 


4897 . 


233,4 


455 


512.3 


245.2 




• 
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kBDVClhO SVOARS OTHER TBAN DEkTROSB.-^mCIiU..' 



•Proceed as directed under 53 and multiply the weight of dextrose found in 54' by the 
following factors: • ^ 

Levulose, 1.093; ^ • . . 

Invert sugar, 1.044; 

Arabinose, 0.969; •'• . ». ' ' 

Xylose. 1.017; / ; . 

Galactose, l.ll4. 

• TOTAL S1IGAftS«>;— TBIITATIVE. 

• • 4 , • ■ •. 

56 . psfiPARATioir- Qw soumoN. 

Place 12 grains of the material in a SCfO'pc* graduated flask, if the substance has an 
acid reaction, add 1-3 /^-ms of calcium carbonate and boil on a steam bath for 1 hour 
with 150 cc. of '50 per ce^t alcohidl by volume, usittg a small funnel in the neck of the 
flask to condense the \i6ipor. Cool, and allow the mixture to stand several hours, 
preferably overnight. Make up to volume with neutral 95 per cent alcohol,, mix 
thproughly, allow to settle, tran^fc;^ 200 cc. to a beaker with a pipette and evaporate 
on a steam bath to a volume of 20-30 cc. 

Do not evaporate to dryness, a little alcohol in the residue doing no harm. Transfer 
to a 100 cc. graduated flask, and rinse the beaker thoroughly with water, adding the 
rinsings to the contents b^the flask. Add enough saturated neutral lead acetate solu- 
tion to produce a flocculdnt precipitate, shak(&« thoroughly and allow to stand 15 n^utes. 
Make up to the mark with water, mix thoroughly and filter through a dry filter. Add 
sufficient anhydrous sodium carbonate to the filtrate to precipitate all the lead, again 
filter through a dry paper and test the fiiltrate with a little anhydrous sodium carbonate 
to make sure that all the lead has been removed. 
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57 SBDVmif O SUOAKS. ^ 

Plroceed as directed under'25 or 53, u^thg 25 cc. of the solution (representing 2 grams 
of the sample), prepared as directed in' 56. Express the results as dextrose or invert 
sugar. 

58 siFcmosB. 

Introduce 50 cc. of the solution, prepcu'ed as directed in 56, into a 100 cc. graduated 
flask, add a juece of Ijtjnus paper, neutralize with hydrochloric acid, add 5 cc. of concen- 
trated hydrochloric acid and allow the inversion to proceed at room temperature as 
directed under 14. When inversion. is complete, transfer. the solutioi^to a jbeal^er, 
neutralize with sodium carbonate, return the solution to the IQO cc. flask, dilute to 
the marjk wi^ water, filter if necessary and .determine reducing sugars in 50 cc. of the 
solution (representing 2 grams of the sample) as directed in 57 and calculate the results 
as invert sugar. Subtract the per cex\t of r^ucing sugars before inversion fronf the 
per cent of total sugar after inversion, both calculated as invert sugar, and multiply 
the difference by 0.95 to obtain the per cent of microse present. li ' 

. Since the insoluble material of grain or cattle food occupies some space in the flask 
as originally made up, it is necessary to.' correct for this volume. Results of a large 
nuirfber of detenmnations on vafioos materials have shown the average volume of 12 
grams of maAerilil tor be 9 co.« ipid therefOFe to obtain the true amount of sugars present 
all results must multipliad by tbe^aqtor 0*97. 

* ■ 

STARCH. 

59 * Direct Aeid Hydrolysis. — Official. 

(In this method there will.be included- as starch the pentosans and other carbo- 
hydrate bodies pvesent.which undergo hydrolysis, and conversion into reducing sugars 
on boiling with hydrochloric acid.) 

Stir a quantity of the sample, representing 2.5-3 gram« of the dry material, in a 
beaker with 50 cc. of cold water for an hour. Transfer to a filter and wash with 250 cc* 
of cold water. Heat the insoluble residue for 2.5 hours with 2(X) cc. of water and 20 cc. 
of hydrochloric acid (sp. gr. 1.125) in a flask provided with a refhix condenser. Gool, 
and nearly neutralize with sodium hyehroxid. Complete the volume to 250 cc., filter, 
and determine the dextrose in an aliquot of the filtrate as directed under 51 or 83. 
The weight of the dextrose obtained multiplied by 0.90 gives the weight of starch. 

The factor 0.90 is the theoretical ratio between starch and glucose but, according to 
Noyes" and other investigators, the factor 0.93 more nearly approaches the actual 
yield. 

Diastase Method with Subsequent Acid Hydrolysis. — Official, 

60 AEAGENT. 

Mall extract. — Digest 10 grams of fresh, finely ground malt for 2-3 hours at ordinary 
temperature with 200 cc. of water and filter. Determine the amount of dextrose in a 
given quantity of the filtrate after boiling with acid, etc., as in the starch determination, 
and make the proper correction in the subsequent determination. 
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DETEBMINATTON. 



Extract a convenient quantity of the substance (ground to an impalpable powder 
and representing 4^5 grams of the dry material) on a hardened filter with 5 successive 
portions of 10 oc. of ether; wash with 160 cc. of 10 per cent alcohol and then with a 
little strong alcohol. Place the residue in a beaker with 50 cc. erf water, immerse the 
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beaker in boiling water, and stir constantly for 15 minutes or until all the starch is 
gelatinised; cool to 55*G., add 20 cc. of malt extract and maintain at this temperature 
for an hour. Heat again to boiling for a few minutes, cool to 55^G.. add 20 cc. of malt 
extract and maintain at this temperature for an hour or until the residue treated with 
iodin shows no blue color upon microscopic examination. Cool, make up directly to 
250 cc. and filter. Place 200 cc. of the filtrate in a flask with 20 cc of hydrochloric 
acid (sp. gr. 1.125); connect with a reflux condenser and heat in a boiling water bath 
tor 2.5 hours. Coed, nearly neutralize with sodium hydroxid s(Jution, finish the 
neutralization with sodium carbonate solution and make up to 500 cc. Mix the solu- 
tion wen, pour through a dry filter and determine the dextrose in an aliquot as directed 
under 51 or 53. Conduct a blank determination upon the same volume of the malt 
extract as used upon the sample and correct the weight of reduced copper accordingly. 
The wei^t of the dextrose obtained multiplied by 0.90 gives the weight of starch. 

PiirrosiUi8.-ofnciAL. 

62 IIEAOBNT. 

Phhrogluein, — Dissolve a small quantity oi the phloroglucin in a few drops of acetic 
anhydrid, heat almost to boiling and add a few drops of conoentrated sulphuric acid. 
A violet color indicates the presence of diresorcin. A phloroglacin which gives more 
than a faint colorati<»i may be purified by the following method: 

Heat in a beaker about 300 cc. of hydrochloric acid (sp. gr. 1.06) and 11 grams of 
commercial phloroglucin, added in small quantities at a time, stirring constantly until 
it has almost entirely dissolved. Pour the hot solution into a sufficient quantity of the 
same hydrochloric add (cold) to make the volume 1500 cc. Allow it to stand at least 
overnight, preferably several days, to permit the diresorcin to crystallize. FUter 
immediately before using. A yellow tint does not interfere with its useftdness. In 
using it, add the volume containing the required amount to the distiDate. 

63 DBTBRMINATIOIf. 

Place a quantity of the material, 2-^ grams, chosen so that the weight of phloro* 
giucid obtained shall not exceed 0.300 gram, in a 300 cc. distillation flask, together 
with 100 cc. of 12 per cent hydrochloric acid (sp. gr. 1.06) and several pieces of recently 
heated pumice stone. Place the flask on a wire gauie, connect with a condenser, and 
heat, rather gently at first, and regulate so as to distil over 30 cc. in about 10 minutes, 
the distillate passing through a small filter paper. Replace the 30 cc. distilled by a 
like quantity of the dilute acid, added by means of a separatory funnel in such a manner 
as to wash down the particles adhering to the sides of the flask, and c<Mitinue the process 
until the distillate amounts to 360 cc. To the total distillate add gradually a quantity 
of phloroglucin dissolved in 12 per cent hydrochloric acid and stir thoroughly the 
resulting mixture. The amount of phloroglucin used should be about double that of the 
furfural expected. The solution turns first yellow, then green, and very soon an 
amorphous greenish precipitate appears, which grows darker rapidly, till it becomes 
finally almost black. Make the solution up to 400 cc. with 12 per cent hydrochloric 
acid and aUow to stand overnight. 

Filter the amorphous black precipitate in a tared Gooch crucible having an 
asbestos mat, wash carefully with 150 cc. of water in such a way that the water is not 
entirely removed from the crucible until the very last, then dry for 4 hours at the 
temperature of boiling water, cool and weigh in a weighing bottle, the increase in 
weight being reckoned as furfural phlorogkicid. To calculate the furfural, pentoee, or 
pentosan from the phloroglucid, use the following formidas given by Krober: 
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(1) For a weight of phloroglucid, dwigiiatod by "a" in the following fonnulaa, under 
0.03 gram, 

Fuifural - (a +0.0052) X0.5170. 

Pentoses - (a+0.0062) X 1.0170. 

PentoMne - (a+0.0062) X0.8040. 

In the above and also in the following formulaa, the factor 0.0052 represents the 
wei^t of phkMOf^ucid which reoMins dissolved in the 400 oc. of acid solution. 

(2) For a weight of phl(»oglucid **a" heboeen 0.03 and 0.300 gram, use Krober*s 
table, XXX, Table 2, or the following formulas*': 

Furfural - (a +0.0052) X0.5185. 

Ptentosee - (a +00052) X 1.0075. 

Pentosans - (a +0.0052) X0.8866. 

(3) For a weight of phloroglucid 'V* 09er 0.300 gram, 

Furfural « (a +0.0052) X0.5180. 

Pentoses- (a+0.0052)Xl.0026. 

Pentosans - (a+0.0062) X0.8824. 

64 OALACTAir.—TnTATIVB. 

Extract a ctxivenient quantity oi the substance, representing 2.5-3 grams of the 
dry material, on a hardened filter with 5 successive portions of 10 cc. of ether, place 
tlie extracted residue in a beaker, about 5.5 cm. in diameter and 7 cm. deep, together 
with 60 oc. of nitric acid (sp. gr. 1.15), and evaporate the solution to exactly one-third 
its volume in a water bath at a temperature of 94^'-M'*G. After standing 24 hours, add 
10 oc of water to the precipitate and allow it to stand another 24 hours. The mucic 
add has in the meantime crystaUised, but it is mixed with considerable material only 
partially oxidixed by the nitric aoid. Filter the solution through filter paper, wash 
with 30 oc. of water to remove as much of the nitiio add as possible and replace the 
filter and contents in the beaker. Add 30 cc. of ammonium carbonate solution, con* 
sisting of 1 part anunonhun carbonate, 10 parts water, and 1 part strong ammonium 
hydroxid and heat the mixture on a water bath, at 80*G., for 15 minutes, with constant 
etirring. The ammonium carbonate takes up the mudc add, forming soluble am- 
monium mucate. Wash the filter paper and contents several times with hot water 
by decantation, passing the washings through a filter paper, to which finally transfer 
the material and thoroughly wash. Evaporate the filtrate to dryness over a water 
bath, avoiding unnecessary heating which causes decomposition, add 5 cc. of nitric 
acid (sp. gr. 1.15), stir thoroughly the mixture and allow to stand for 30 minutes. 
The nitric add decomposes the ammonium mucate, precipitating the mucic acid; 
coDect this on a tared Gooch or other filter, wash with 10-15 cc. of water, then with 
60 cc. of alcohol, and a number of times with ether, dry at the temperature of boiling 
water for 3 hours and weigh. Multiply the weight of the mudc add by 1.33, which 
gives galactose, and multiply this product by 0.9, which gives galactan. 

CRUDB FDBR.— OFFICIAL. 
^ REAGENTS. 

(a) Dilute sulphuric acid tolulion. — Contains exactly 1.25 grams of sulphuric acid 
(HvSO«) in 100 cc as determined by titration. 

(b ) Dilule eodium hydroatid soluiion, — Ck>ntains exactly 1 .25 grams of sodium hydroxid 
<NaOH) in 100 cc. as determined by titration. This solution should be free, or prac- 
tically free, from sodium carbonate. 
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'* •« DBTUUHMAllOiN. 



Extract a quantity of the substance, representing about 2 grams of the dry material, 
with ordinary ether, or use the residue from the detennination of the «tber extract. 
To this residue in a 500 oc. flask add 200 cc. of the boifiBg dilute^ sulphuric acid- solution; 
connect the flask with a reflux condenser, the tube of whidi passes <nily a dhort 
distance beyond the rubber stopper into the ilask, or simply cover a tall obnioal flaftk, 
which is well suited for this detemdnation, with a watch glass or short etemmed fuimel, 
boil at once and^ continue boiling gently for 30 minutes.. A blast of air conducted into 
the flask will serve to reduce the frothing of the liquid. Filter through linw and wash 
with boiling water until the washings are no longer acid; rinse the substance back into 
the flask with 200 cc. of the boiling dilute sodium hydroxid, solution, boO at once, and 
continue boiling gently for 30 minutes as directed above for the treatment with acid, 
filter at once rapidly and wash with boiling water until the washings are neutral. The 
last filtration may be performed upoD a Gooch crucible., a tlititm filter^ or a tared filter 
paper. If a linen filter is used, rinse the crude fiber, after washing is c^p^pletedi into 
a flat-bottomed platinum dish by means of a jet of water; evaporate to dryness on a 
steam bath, dry to constant weight at llO^C, weigh, incinerate 4;ompletely and weigh 
again. The loss in weight is considered to be crude fiber. If a tared filter paper is 
used, weigh in a weighing bottle, lb any case the cf ode fiber after drying to constant 
weight a^ llO^C. must be incinerated and the amount .of the ash deducted from the 
original weight. 

67 WATER-SOLUBLE ACIDITY OF FEEDS.— TENTATIVE* 

Weigh 10 grams of the sample into a shaking bolUe, add 200 cc. of water, aad shake 
for 15 minutes. Filter the exteact through a folded filter and take a 20 oc. aliquot 
(equivalent to 1 gram of sample) for the titration. Dilute with SO oc. of water and 
titrate with N/10 sodium hydroxfid« using phenolphthalein as indicStoff. 

In reportkig the acidity of feeds^ state the results in tenns of cc. of N/10 sodium 
hydroxid required for newlralisation. 

DBTE&MUVATION OF HYDROCYANIC ACID FORMED BY TBCB HYDROLYSIS OF . 

GLUCOSIDBS IN BEANS^^ 

68 Acid Titration Method. — Tentative. 

r 

Grind the sample to pass a 20 mesh sieve. Introduce 10-20 grams of the ground 
sample into an 800 cc Kjeldahl flask, add 100 cc. of water and macerate at room tem- 
perature for 2 hours. Add 100 cc. of water and distil with steam* collecting the distillate 
in 20 cc. of N/50 silver nitrate solution acidified with 1 cc. of concentrated nitric add. 
During the distillation, adjust the apparatus so that the tip of the condenser dips 
below the surface of the liquid in the receiver. When 150 cc. of distillate have passed 
over, .filter the contents of the receiver through a Gooch, wash the receiver and Gooch 
with a little water and titrate the excess of silver nitrate in the combined filtrate and 
washings with N/50 potassium thiocyanate solution, using ferric alum as indicator. 
One cc. of N/ 50 silver nitrate solution is equivalent to 0.54 mg. of hydrocyanic acid 
(HCN). 

69 Alkaline Titration Method. — Tentative, 

Macerate and distil 10-20 grams of the sample as described in 68 except that tbe 
distillate is collected in a vessel containing 0.6 gram of sodium hydroxid dissolved in 
20 oc. of water, the tip of the condenser dipping below the surface of the liquid in the 
receiver during the distillation. When 150 cc. of distillate have passed over, titrate 
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the liquid in the receiver with N/50 silver nitrate solution, adding the standard solution 
slowly, drop by drop, stirring constantly, until the first permanent turbidity appears. 
One oc. of N/50 silver nitrate solution is equivalent to 1.08 mg. of hrdrocyanic acid 

(HCN). 

70 Prussian Blue Meihod.— Tentative. 

Macerate and distil 10-20 grams of the samite as described in 69, using the sodium 
hydroxid solution in the receiver, and dilute the distillate to 200 cc. in a graduated 
flask. Ck>ncentrate 20 cc. of this solution, which must contain a slight excess of free 
sodium hydroxid, in a 200 cc. round-bottomed flask attached to a vacuum pump and 
condenser, heating the fl&sk in a water bath below 70**G. An adapter may be used to 
avoid loss by spattering. When the volume has been reduced to 1 cc. or less, add 
0.2-O.5 cc. of freshly prepared 3 per cent ferrous sulphate solution and about 0.5 gram 
of potassium fluorid. Exhaust the flask at once by means of a vacuum pump. Mix 
the contents by rotating the flask. After 5-10 minutes detach the flask and acidify 
the mixture with 30 per cent nitric acid. The blue color usually appears at once, 
although in case traces only are present it is sometimes necessary to warm to about 
oO^'G. in a water bath. Dilute the resulting suspension of Prussian blue to a convenient 
volume, and compare the color with a standard Prussian blue mixture, prepared as 
above from a standard solution containing 1 mg. of potassium cyanid diluted to 25 
(T., preferably using a Duboscq colorimeter for the comparison. 
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Vm. SACCHARINB PRODUCTS. 

1 PRBPARATION OF 8A1IPL1.— OmCIAL. 

(d) Liquids {moiasses^ sirupi, etc,), — Mix materials of this class thoroughly. If 
crystals of sugar are present, dissolve them either by heating gently or by weighing 
the whole mass, then adding water, heating until completely dissolved and after cooling, 
leweighing. Calculate all results to the wei^^t of the original substance. 

(b) Semi-wlids (jelliut jams, eic,). — ^Weigh 60 grams of the sample into a 250 oc. 
graduated flask. Treat with water, fill to the mark and mix thoroughly. If insoluble 
material remains, mix uniformly by shaking before taking aliquots for the various 
determinations. 

(C) Solids (sugar, confeetioiiery, etc.), — Grind and mix thoroughly materials of this 
class to secure uniform samples. 

MOI8TUXB. 
DRYING METHODS. 

2 siroARs.— omciAL. 



Dry 2-6 grams in a flat dish (nickel, platinum, or aluminium) at the temperature oi 
water for 10 hours; cod in a desiccator and weigh; then dry again for an hour 
or until there is only a slight change in weight. 



With some sugars, more especially those of lar^ grain, there is danger of occlusion 
and retention of water. The Intcmational Commission for Unifying Methods of Sugar 
Analysis prescribes drying at 106^-llO^C. for normal beet sugars. This temperature 
is sufficient to expel the last traces of ooduded water and is not attended with sdBdent 
decomposition to affect the weight of the product. The drying temperature should 
never exceed llO^C*. 

]fA88BC1inB8» MOLA88B8. AHD OTHER UQmD AMD SBMOIQIIID PRODUCTS. 

3 Drying upon Pamiee Sione» — OffieiaL 

Prepare pumice stone of two grades of fineness, one of which will pass throu^ a 1 
nam. sieve, the other through a 6 mm. sieve but not a 1 mm. sieve. Make the deter- 
mination in flat metallic dishes or in shallow, flat-bottomed weighing bottles. Place 
a layer of the fine pumice st(me, 3 mm. in thi<^neBS, on the bottom of the dish, then a 
layer of the coarse pumice stone 6-10 mm. in thickness, dry and weigh. Dilute the 
samfde with a weighed portion of water so that the diluted material shall contain 20- 
30 per cent of solid matter. Weigh into the dish, prepared as described above, an 
amount of the diluted sample to yield, approximately, 1 gram of dry matter. If this 
weighing can not be made rapidly, use a weighing bottle provided with a cork through 
which a pipette passes. Dry in vacuo at 70*C. to constant weight, making trial wei^- 
tngs at intervals of 2 hours. Fc^ substances containing little or no levulose or other 
readily decomposable substance, the drying may be made in a water oven at the tem- 
perature of boiling water. 

4 Drying upon Quartz Stmd. — OffieiaL 

Digest pure quarts sand with strong hydrochloric acid, wash, dry and ignite. Pre- 
serve in a sUqppered bottle. 

Place 6-7 grams of the prepared sand and a short stirring rod in a flat-bottomed dish. 
Dry thoroughly, cool in a desiccator and weigh. Then add 3-4 grams of the molasses, 
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mix with the sand (if necessary to thoroughly incorporate the two, add a little water), 
dry in a water oven at the temperature of boiling water for 8-10 hours, stirring at 
intervals of an hour, cool in a desiccator and weigh. Stir, heat again for an hour, cool 
and weigh. Repeat the heating and weighing until the loss of water in an hour is not 
greater than 3 mg. 

ABEOMETBIC METHODS. 

(Not applicable to low-grade sugar products, molasses and other materials 

containing large amounts of non-sugar solids.) 

SraCO^C GRAVITY, WATER AND TOTAL SOLIDS. 

5 By Means of a Spindk. — Official. 

The density of juices, sirups, etc., is most conveniently determined by means of the 
Brix hydrometer. For rough work, or where less accuracy is desired, the Baum^ hy- 
drometer may be used. The Brix spindle should be graduated to tenths. The range 
of each individual spindle should be as limited as possible. The solution should be 
as nearly as practicable of the same temperature as the air at the time of reading, 
and, if the variation from the temperature of the graduation of the spindle amounts 
to more than 1°, a correction must be applied according to the tcd>le under 6. A sim- 
ilar table of corrections based upon Brix saccfaarometars, Mandatfd at 20°C., is given in 
XXX, Table 0. Before taking the density of a juice, aUow it to stand in tlie cylinder 
until all air bubbles have escaped, and imtii all fatty or waxy matter has oome to the 
su^co and been skimmed off. The cylinder should be large enough in diameter to 
allow the faydrometer to cotne to rest without touching the sides. * A. taUb of specific 

gravities, at -^s^ and of per cents by weight of sucrose is given in XXX, Table 3. 

A table for the comparison of specific gravities at - Vy go ', degrees Brix (per cent by 
weight of sucrose), and degrees Baum6 (modulus 146.78), is given under o. 

OQO/^ 20°C 

A similar taMe^'for tbe comf^aris6ii of dpecifid gravitua M *^^' .and *^, degrees 

Brix, and degrees Baum6 (modulas 145), is given in XXX* Table 10. 

If the sample ia too dense to determine the density directly, dilute a weighed portion 
witib ^ weighed quantity of water, or dissolve a weighed portion and dilute to a known 
volume with, water, • i 

In tlie tot iwatanoe the per oent of total solids ii. calculated by the following foimula : 

P,er cent of soKds in the undiluted material « — in which . 

• :j.' • . • • w . • > = •. 

S » per cent of solids in the diluted material; 

W ^ weight-of the diluted material; . 

i . w ^'Weight of the siample taken for dilution. -<..•••* i 

- When the diluiian is made to a definite volume, the following foimula is to be used : 

YDS ^. '' ■ 
_ .Per cent of Qplids in the undiluted material = -— in which 

V 3= volume of the diluted solution at a given temperature; * 
D = specific gravity of the diluted solution at the same temperature; 
S = per cent of soUds in the diluted solution at the same temperature; 
W B- weight of the sample taken for dilution at the same temperature. 

If the spindle reading be made at any other temperature than 17.6**C., the result 
should be corrected as directed under 6. For spindles standard at 20**C., corrections 
sifould be made according to XXX, Table 9. 
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Tablk 7. ... 

For correction of the readings of the Brix spindle when made at other than the 

standard temperature, i7,5^C. 

(For temperatures below 17,5*'G. the correction is to be subtracted.) 



TEM- 






DBORBB BMX OP THE SOLUTION 






• 


PERA - 
















TUaB 





6 


10 


15 


20 


25 


30 


35 


40 


50 


60 


70 


75 





0.17 


0.30 


0.41 


0.52 


0.62 


0.72 


0.82 


0.92 


0.98 


1.11 


1.22 


1.25 


1.29 


5 


0.23 


0.30 


0.37 


0.44 


0.52 


0.59 


0.65 


0.72 


0.75 


0.80 


0.88 


0.91 


0.94 


10 


0.20 


0.26 


0.29 


0.33 


0.36 


0.39 


0.42 


0.45 


0.48 


0.50 


0.54 


0.58 


0.61 


11 


0.18 


0.23 


0.26 


0.28 


0.31 


0.34 


0.36 


0.39 


0.41 


0.43 


0.47 


0.50 


0.53 


12 


0.16 


0.20 


a22 


0.24 


0.26 


0.29 


0.31 


0.33 


0.34 


0.36 


0.40 


0.42 


0.46 


13 


0.14 


0.18 


0.19 


0.21 


0.22 


0.24 


0.26 


0.27 


0.28 


0.29 


0.33 


0.35 


0.39 


14 


0.12 


0.15 


0.16 


0.17 


0.18 


0.19 


0.21 


0.22 


0.22 


0.23 


0.26 


0.28 


0.32 


15 


0.09 


0.11 


0.12 


0.14 


0.14 


0.16 


0.16 


0.17 


0.16 


0.17 


0.19 


0.21 


0.25 


16 


0.06 


0,07 


0.08 


0.09 


0.10 


0.10 


0.11 


0.12 


0.12 


0.12 


0.14 


0.16 


0.18 


17 


0.02 


0.02 


0.03 


0.03 


0.03 


0.04 


0.04 


0.04 


0.04 


0.04 


0.05 


0.05 


0.06 


18 


0.02 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.08 


0.03 


0.03 


0.03 


0.02 


19 


0.06 


0.08 


0.08 


0.09 


0.09 


0.10 


0.10 


0.10 


0.10 


0.10 


0.10 


0.08 


0.06 


20 


0.U 


0.14 


0.15 


0.17 


0.17 


0.18 


0.18 


0.18 


0.19 


0.19 


0.18 


0.15 


0.11 


21 


0.16 


0.20 


0.22 


0.24 


0.24 


0.26 


0.25 


0.25 


0.26 


0.26 


0.25 


0.22 


0.18 


22 


0.21 


0.26 


0.29 


0.31 


0.31 


0.32 


0.32 


0.32 


0,33 


0.34 


0.32 


0.29 


0.25 


23 


0.27 


0.32 


0.35 


0.37 


0.38 


0.39 


0.39 


0.39 


0.40 


0.42 


0.39 


0.36 


0.33 


24 


0.32 


0L38 


0.41 


0.43 


0.44 


0.46 


0.46 


0.47 


0.47 


0.50 


0.46 


0.43 


0.40 


25 


0.37 


0.44 


0.47 


0.49 


0.51 


0.53 


0.54 


0.55 


0.55 


0.58 


0.54 


0.51 


0.48 


26 


0.43 


0.50 


0.54 


0.56 


0.58 


0.60 


0.61 


0.62 


0.62 


0.66 


0.62 


0.58 


0.55 


27 


0.49 


0.57 


0.61 


0.63 


0.65 


0.68 


0.68 


0.69 


0.70 


0.74 


0.70 


0.65 


0.62 


28 


0.56 


0.64 


0.68 


0.70 


0.72 


0.76 


0.76 


0.78 


0.78 


0.82 


0.78 


0.72 


0.70 


29 


0.63 


0.71 


0.75 


0.78 


0.79 


0.84 


0.84 


0.86 


0.86 


0.90 


0.86 


0.80. 


0.78 


30 


0.70 


0.78 


0.82 


0.87 


0.87 


0.92 


0.92 


0.94 


0.94 


0.98 


0.94 


0.88 


0.86 


35 


1.10 


1.17 


1.22 


1.24 


1.30 


1.32 


1.33 


1.35 


1.36 


1.39 


1.34 


1.27 


1.25 


40 


1.50 


1.61 


1.67 


1.71 


1.73 


1.79 


1.79 


1.80 


1.82 


1.83 


1.78 


1.69 


1.65 


50 


• • * 


2.65 


2.71 


2.74 


2.78 


2.80 


2.80 


2.80 


2.80 


2.79 


2.70 


2.56 


2.51 


60 


• • • 


3.87 


3.88 


3.88 


3.88 


3,88 


3.88 


3.88 


3.90 


3.82 


3.70 


3.43 


3.41 


70 


• ■ • 


5.17 


5.18 


5.20 


5.14 


5.13 


5.10 


5.08 


5.06 


4.90 


4.72 


4.47 


4.35 


80 


« A « 


• • • 


6.62 


6.59 


6.54 


6.46 


6.38 


6.30 


6.26 


6.06 


5.82 


5.50 


5.33 


90 




• • • 


8.26 


8.16 


8.06 


7.97 


7.83 


7.71 


7.$8 


7.30 


6.96 


6.58 


6.37 


100 


• • ■ 


• • • 


10.01 


9.87 


9.72 


9.56 


9.39 


9.21 


9.03 


8.64 


8.22 


7.76 


7.42 



Example. — A sugar solution shows a redding of 30.2° Brix at 30^0. To find the 
necessary correction for the conversion of this reading to the reading which would 
have been obtained if the observation had been made at 17.5°G., . find the vertical 
column in the table headed 30° Brix, which is the nearest to the observed reading. 
Follow down this column until the number is reached which is opposite to Uie tem- 
perature of observation — in this case 30°. The number found, 0.92, is to be added to 
the observed reading. 



By Means of a Pycnometer. — Official, 



(a) By specific gravity at 

20»C 



2XfC 



— Determine the specific gravity of the solution at 



by means of a pycnometer and ascertain the corresponding per cent by weight of 

sucrose from XXX, Table 3. When the density of the substance is too high for a 
direct determination, dilute and calculate the sucrose content of the original material as 
directed under 5. 
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IT.S'^C 



(b) By specific gravity at ^y .» — Proceed as directed under (A), the detenniDations 

17.5*C. WG. 

of specific gravity being made at ~jjfgr instead of at —^' Ascertain tlie correspond- 
ing per cent by weight of sucrose from 8. 



8 



Table 8. 



rot m 


e comparuoi 


1. oj spu 


ipc gravi 


[ie» ai 4jK^ * Qtgrei 


19 orvx. a 


fia aegreett 


Doume. 












f4/J.7« 










Degree Baumk - ili6,7S - .^ 


V' 






DBOaSB 






DBORBB 






DBOBBB 






BMX on 






BIUX OR 






BRIX OB 






PBB CBNT 


sPBCinc 


DBORBB 


PBR CBNT 


spBctnc 


DBORBB 


PBB CBNT 


aracinc 


DBORBB 


BY 
WBIOBT 


OBAVITY 


BAUllA 


BY 
WBIOflT 


ORAVirV 


RAUllA 


BY 
WBIOBT 


ORAV1TY 


BAVlrt 


or 






or 






or 






■VCBOSB 






BUCIMMB 






8UCB08B 






1.0 


1.00388 


0.6 


33.0 


1.14423 


18.5 


65.0 


1.31989 


35.6 


2.0 


1.00779 


1.1 


34.0 


1.14915 


19.05 


66.0 


1.32601 


361 


3.0 


1.01173 


1.7 


35.0 


1.15411 


19.6 


67.0 


1.33217 


36.6 


4.0 


1.01570 


2.3 


36.0 


1.15911 


20.1 


68.0 


1.33836 


37.1 


5.0 


1.01970 


2.8 


37.0 


1.16413 


20.7 


69.0 


1.34460 


37.6 


6.0 


1.02373 


3.4 


38.0 


1.16920 


21.2 


70.0 


1.35088 


38.1 


7.0 


1.02779 


4.0 


39 


1.17430 


21.8 


71.0 


1.35720 


38.6 


8.0 


1.03187 


4.5 


40.0 


1.17943 


22.3 


72.0 


1.36355 


39.1 


9.0 


1.03599 


5.1 


41.0 


1.18460 


22.9 


73.0 


1.36995 


39.6 


10.0 


1.04014 


6.7 


42.0 


1.18981 


23.4 


74.0 


1.37639 


40.1 


11.0 


1.04431 


6.2 


43.0 


1.19505 


23.95 


75.0 


1^287 


40.6 


12.0 


1.04852 


6.8 


44.0 


1.20033 


24.5 


76.0 


1.38939 


41.1 


13.0 


1.05276 


7.4 


45.0 


1.20565 


25.0 


77.0 


1.39595 


41.6 


14.0 


1.05703 


7.9 


46.0 


1.21100 


25.6 


78.0 


1.40254 


42.1 


15.0 


1.06133 


8.5 


47.0 


1.21639 


26.1 


79.0 


1.40918 


42.6 


16.0 


1.06566 


9.0 


48.0 


1.22182 


26.6 


80.0 


1.41586 


43.1 


17.0 


1.07002 


9.6 


49.0 


1.22728 


27.2 


81.0 


1.42258 


43.6 


18.0 


1.07441 


10.1 


50.0 


1.23278 


27.7 


82.0 


1.42934 


44.1 


19.0 


1.07884 


10.7 


51.0 


1.23832 


28.2 


83.0 


1.43614 


44.6 


20.0 


1.08329 


11.3 


52.0 


1.24390 


28.8 


84.0 


1.44298 


45.1 


21.0 


1.08778 


11.8 


63.0 


1.24951 


29.3 


85.0 


1.44986 


45.5 


22.0 


1.09231 


12.4 


54.0 


1.25517 


29.8 


86.0 


1.45678 


46.0 


23.0 


1.09686 


13.0 


55.0 


1.26086 


30.4 


87.0 


1.46374 


46.5 


24.0 


1.10145 


13.5 


56.0 


1.26658 


30.9 


88.0 


1.47074 


47.0 


25.0 


1.10607 


14.1 


57.0 


1.27235 


31.4 


89.0 


1.47778 


47.45 


26.0 


1.11072 


14.6 


58.0 


1.27816 


31.9 


90.0 


1.48486 


47.9 


27.0 


1.11541 


15.2 


59.0 


1.28400 


32.5 


91.0 


1.49199 


48.5 


28.0 


1.12013 


15.7 


60.0 


1.28989 


33.0 


92.0 


1.49915 


48.9 


29.0 


1.12488 


16.3 


61.0 


1.29581 


33.5 


93.0 


1.50635 


49.4 


30.0 


1.12967 


16.8 


62.0 


1.30177 


34.0 


94.0 


1.51359 


49.8 


31.0 


1.13449 


17.4 


63.0 


1.30777 


34.5 


95.0 


1.52087 


50.3 


32.0 


1.13934 


17.95 


64.0 


1.31381 


35.1 









When the number expressing the specific gravity found by analysis faUs between 
the numbers given in the above table, the exact equivalent in degrees Brix or Baum^ 
is found by a simple calculation. 

Example. — The pycnometer shows the specific gravity of a certain sirup to be 1.20909. 
The table shows that the corresponding degree Brix is between 45.0 and 46.0. Subtract- 
ing the specific gravity of a solution of 45° Brix from the corresponding figure for 46°, 
we have (expressing the specific gravities as whole numbers) 121,100 — 120,565 « 535, 
the difference in specific gravity for V Brix at this point in the table. Subtracting the 
specific gravity corresponding to 45° from the specific gravity found by anal> sLh, we nave 

.344 
120,909 - 120,565 « 344; ^ » 0.64, the fraction of V Brix more than 45°. The de- 

gree Brix, corresponding to a sp. gr. of 1.20909, is theref«»re 45.64. 
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9 REFRACTOMETER METHOD.-^FFICIAL. 

(Applicable only to liquid samples oontaining no undissolved solids.) 
Determine the refiractive index of the solution at 28^G. and obtain the corresponding 



percentage of dry substance firom XXX, Table 6. If the refiractive index is ob- 
tained at a temperature other than 28^G., correct the result as indicated in XXX, 
TaUe 6. If the solution is too dark to be read in the instrument, dilute with a 
concentrated sugar solution. Water should never be used for this purpose. Mix weighed 
amounts <if the solution under examination and a solution of pure sugar of about the 
same strength, and obtain the amount of dry substance in the former by the following 
formula: 

(A+B)C-BD . ... 
X « m which 

A. 

X » per cent of dry substance to be found; 

A » wdgfat in grams of the material mixed with B; 

B >- weight in grams of pure sugar solution employed in the dilution; 

G B per cent of dry substance in the mixture of A and B obtained from the refrac- 
tive index; 

D -B per cent of dry substance in the pure sugar solution obtained from its refrac- 
tive index. 

48H. 

!• Method I, —Official. 

Heat 5-10 grams of the sample in a 50-100 oc. platinum dish at lOO^G. until the 
water is expeOed, add a few drops of pure olive oil and heat slowly over a flame until 
swelling ceases. Then place the dish in a muffle and heat at low redness until a white 
ash is obtained. 

11 Meihod IL-'Qffleial 

Carbonize the mass at a low heat, dissolve the soluble salts in hot water, bum the 
residual mass as directed in 10, add the solution of soluble salts, and evaporate to 
dryness at 100**C., ignite gently, cool in a desiccator and wdgh. 

12 Meihod III. —Official. 

Saturate the samfde with sulphuric acid, dry, ignite gently, then bum in a muffle at 
low redness. Deduct one-tenth of the weight of the ash and calculate the per cent. 

13 QUANTITATIVB ANALYSIS OV THB ASH.— OFHCIAL. 
Proceed as directed under 11. 

14 SOLUBLE AHD IRSOLUBLB ASH.— OFncIAL. 

Ash the material as directed under 10 or 11. Add water to the ash in the platinum 
dish, heat nearly to boiling, filter through an ashless filter and wash with hot water 
until the combined filtrate and washings measure about 60 oc. Return the filter and 
contents to the platinum diah, ignite carefuUy, cool and weigh. Calculate the per- 
centages of water-soluble and water-insoluble ash. 

15 ALXALnnrr of the soluble ash.— official. 

Gool the filtrate from 14 and titrate with N/10 hydrochloric acid, using methyl 
orange as an indicator. 

Ejcpress the alkalinity in terms of the number of cc. of N/10 acid per 1 gram <^ the 
iple. 
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16 ALKALINITY OV 7HB ntSOLUBLE ASH.— OFFICIAL. 

Add an excess of N/10 hydrochloric acid (usually 10-15 cc.) to the ignited insoluble 
ash in the platinum dish, under 14, heat to boiling oT«r an asbestos pktie, oool and 
- titrate the excess of hydrochloric acid With N/10 sodium hydroxki, using, methyl 
. orange as an indicator. 

Express the alkalinity in terms of the number of cc. of N/10 add per 1 gram of the 
Sample. 

' 17 MINERAL ADXTLTERANTS IN THE ASH.— TENTATIVE. 

In a large porcelain evaporating dish, mix 100 grams of molass^, sirup, honey, or 
the confectionery solution prepared as directed under 1 (b) with about 35 grams of 
concentrated sulphuric acid and evaporate to a sirupy consistency. Pass an electric 
current through it while stirring by placing one platinum electrode in the bottom of 
the dish near one side and attachmg the other to the lower end of the f^ss rod with 
which the contents are stirred. Begin with a current of about 1 ampere and gradually 
increase t/) 4 (modified from method of Budde and Schou' for determining nitrogen elec- 
trolyticatty). In 10-15 minutes the mass is reduced to a fine dry char, which may be 
readily burned to a white ash in the original dish over a free flame or in a niuflle. 

This method' is preferred to the ordinary method of heating with sulphuric acid, 
especially in the case of molasses, because, if properly manipulated, the material cones 
quietly into the form of a very finely divided char or powder, especially adapted for 
subsequent quick ignition. 

If ad electric current is not available, treat in a large porcelain dish 100 grams of 
the saccharine solution, evaporated to a sirupy consistency, with suflicient concen- 
trated sulphuric acid to thoroughly carbonize the mass, and ignite in tlie usual manner. 

The following adulterants may be present: salts of tin, used in molasses to bleach; 
mineral pigments, such as chromate of lead in yellow confectionery; oxid of iron, some- 
times used to simulate the color of chocolate; and copper. These elements may be 
detected by the usual qualitative test^. 

18 NITROGEN.— OFnCIAL. 

Determine nitrogen in 5 grams of the material as directed under I, 18, 21 or 23, 
using a larger quantity of the sulphuric acid if necessary for complete digestion. 

SUCROSE. 

19 Method L— Official. 

(Substances in which the volume of the combined insoluble matter and precipitate from 

clarifying agents is less than 1 cc. from 26 grams.) 

Determine sucrose by polarization before and after inversion, as directed under 

VII, 14. 

All products which contain dextrose or other reducing sugars in the crystalline 
form, or in supersaturated solution, exhibit the phenomenon or birotation. The con- 
stant rotation only should be employed in the Clerget formula, and to obtain this the 
solutions prepared for direct polarization should be allowed to stand overnight before 
making the reading. If it is aesired to make the direct reading immediatdy, the biro- 
tatiotll m^y be destroyed by heating the neutral solution to boiling for a few minutes 
or by adding a few drops of strong anunonium hydroxid before completing the v<^umc. 
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20 Method II. (DouhU dUuiion mMod*.) ^Official 

(Substances in which the volume of the combined insoluble matter and precipitate from 

clarifying agents is more than 1 cc. from 26 grams.) 

Weigh out a half normal weight of th^ sample and make ujp the solution to 100 cc., 
employing the appropriate clarifier (basic lead acetate for dark colored confectionery or 
molasses and alumina cream for light colored confectionery j, Also weigh out a normal 
weight of the sample and make up a second solution with the clarifier to 100 cc. Filter 
and obtain direct polariscopic readings of both solutions. Invert each solution as 
directed under VII, 14, and obtain its invert reading. 

The true direct polarization of the sample is the product of the two direct readings 
divided by their difTerence. 

The true invert polarization is the product of the two'invert readings divided by their 
difference. 

Calculate the sucrose from the true polarizations thus obtained by one of the formulas 
given under VII, 14. 

COMBftBRCUL GLOCOSB (APPROXIMAtB). 

21 Method I. — Official. 

(Substances containing little or no invert sugar.) 

Commercial glucose can not be determined accurately owing to the varying amounts 
of dextrin, maltose, and dextrose present in this product. However, in sirups, in which 
the amount of invert sugar is so small as not to appreciaUy affect the result, conmaercial 
glucose may be estimated approximately by the following formula^: 

Q ~ ^ in ^ixieh 

175 

G = per cent of commercial glucose; 

a — direct polarization; 

S = per cent of cane sugar. 

Express the results in terms of commercial glucose polarizing +175^. 

22 Melhod II.— Official 

(Substances containing invert sugar'.) 

Prepare an inverted half normal solution of the substance as directed under VII, 
14, except that after inversion the solution is cooled, made neutral to phenolphtha- 
lein with sodium hydroxid solution, slightly acidified wijth hydrochloric aoid, and 
treated with 5-10 cc. of alumina cream before making up to the mark. Filter and 
polarize at ST^'C. in a 200 mm. jacketed tube. Multiply the reading by 200 and divide 
by the factor 163 to expvett the amount of glucose present in terms of glucose polariz- 
ing H-175**V. 

23 BSDUCINO SVOAR& 

Determine as either dextrose or invert sugar as directed under VII, 49, 50, 51, 

53, or 21, 23, 25, 35 or 38. 

24 STAHCH.— TBHTTATIVE. 

Measure 25 cc. of a solution or uniform mixture, prepared as directed in 1 (b), 
(representing 5 grams of the sample), into a 300 co. beaker, or introduce 5 grams of 
the finely ground sample (previously extracted with ether if the sample contains much 
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fat) into the beaker, add sufficient water to make the volume 100 oc., heat to about 
60°G. (avoiding if possible gelatinizing the starch) and allow to stand for about an 
hour, stirring frequently to secure complete solution of the sugars. Transfer to a stout 
wide-mouthed bottle, rinse the beaker with a Httie warm water, cool, add an equal 
volume of 95 per cent alcohol, mix and allow to stand at least an hour. Gentrifugalize 
until the precipitate is closely packed on the bottom of the bottle and decant the super- 
natant liquid through a hardened filter. Wash the precipitate with successive 50 cc. 
portions of 50 per cent alcohol by centrifugalizing and decanting through the filter 
until 3 or 4 drops of the washings give no test for sugar with alphanaphthol as de- 
scribed under 66. Transfer the residue from the bottle and the hardened filter to a large 
flask and determine starch as directed under VII, 59. 

BTHBR BXTRACT IH CORFBCTiOllXST. 

25 Continuous Extraction, — Tentative, 

(1) Measure 25 cc. of a 20 per cent mixture or solution, prepared as directed under 
1 (b), into a very thin, readily frangible, glass evaporating shell (Hofmeister Schdlehen), 
containing 5-7 grams of freshly ignited asbestos fiber; or (2) If possible to obtain 
a uniform sample, weigh 5 grams of the mixed finely divided sample into a dish, and 
wash with water upon the asbestos in the evaporating shell, using, if necessary, a snuill 
portion of the asbestos fiber on a stirring rod to transfer the last traces of the sample 
from the dish to the shell. Dry to constant weight at 100**G., cool, wrap loosely in 
smooth paper, crush into rather small fragments between the fingers, transfer care- 
fully the crushed mass, including the paper, to an extraction tube or a fat extraction 
cartridge. A thin lead disk (bottle cap) may be substituted for the glass shell. The 
disk may then be cut into small pieces and placed in the extraction tube. Extract 
with anhydrous ether or petroleum ether (b. p. 45^~60^C. and without weighable 
residue) in a continuous extraction apparatus for at least 25 hours. In most cases it 
is advisable to remove the substance from the extractor after the first 12 hours, grind 
with sand to a fine powder and re-extract for the remaining 13 hours. Transfer the 
extract to a tared flask, evaporate the solvent and dry to constant weight in an oven 
at lOO^'C. 

26 Roese-Gottlieb Method. — Tentative. 

Substances such as butter-scotch invariably yield extremely inaccurate results by 
the above method. In such cases introduce 4 grams of the material, or an amount of 
a uniform solution equivalent to this amount of the dry substance, into a Rohrig tube 
or similar apparatus, make up to a volume of 10 cc. with water, add 1.25 cc. of con- 
centrated ammonium hydroxid and mix thoroug^y. Add 10 cc. of 05 per cent alcohol 
and mix. Then add 25 oc. of washed ether and shake vigorously for half a minute; 
then add 25 cc. of petroleum ether (b. p. below dO^G.) and shake again for half a minute. 
Allow to stand for 20 minutes or until the separation of the liquids is complete. Draw 
off as much as possible of the ether-fat solution (usually 0.5-0.8 cc. will be left) into 
a weighed flask through a smaU, rapid filter. The flask should be weired with a similar 
one as a counterpoise. Again extract the liquid remaining in the tube, this time with 
15 cc. each of ether and petroleum ether, shake vigorously half a minute with each, 
and allow to settle. Proceed as above, washing the tip of the spigot and the filter with 
a few cc. of a mixture of equal parts of the 2 ethers (previously mixed and free from 
deposited water). For absolutely exact results the extraction must be repeated. This 
third extraction usually yields not more than about 1 mg. of fat, if the previous ether- 
fat solutions have been drawn off closely, or an amount averaging about 0.02 per cent 
on a 4 gram charge. Evaporate the ether slowly on a steam bath, then dry the fat 
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in a boOiiig water oven until the I068 in weight ceases. Test the purity of the fat by 
dissolving in a little petroleum ether. Should a residue remain, wash the fat out com- 
pletely with petroleum ether, dry the residue, weigh and deduct the weight. 

27 PAKAvm m coHfscnoinntT.— tbhtativb. 

Add to the eihex extract in the flask, as above obtained, 10 cc. of 95 per cent alcohol 
and 2 cc. of sodium hydroxid solution (1 to 1), connect the flask with a reflux con- 
denser, and heat for an hour on a water bath, or until saponification is complete* 
Remove the ctmdenser and allow the flask to remain on the bath until the alcohol is 
evaporated and the residue is dry. Dissolve the residue as completely as possible in 
about 40 cc. of water and heat on the bath, shaking frequently. Wash into a separately 
funnel, cool and extract with 4 successive portions of petroleum ether, which are col- 
lected in a tared flask or capsule. Evaporate the petroleum ether and dry in the oven 
to constant weight. 

Any phytosterol or cholesterol present in the fat would be extracted with the paraffin. 
The amount is so insignificant that it may be disregarded generally. The character of 
the final residue should, however, be confirmed by determining its melting point, 
specific gravity and refractive index. 

28 ALCOHOL ni SntUPS USBD in COllFBCTIOirBRT ("BRANDT DROPS*').— OFFICIAL. 

CcAect in a beaker the sirup from a suflicient number of pieces to yield 30-50 grams 
of sirup. Strain the sirup into a tared beaker and weigh. Introduce the sirup into a 
250-300 cc. distiUation flask, dilute with half its volume of water, attach the flask to a 
vertical condenser and distil almost 50 cc., or as much of the liquid as possible without 
causing charring. Foaming may be prevented by adding to the contents of the distil- 
lation flask a little tannin, or a piece of paraffin about the size of a pea. C06L the dis- 
tillate, make up to volume with water, mix well and ascertain the specific gravity of 
the liquid by means of a pycnometer. Obtain the corresponding weight of akx>h<^ 
in the 50 cc. of distillate from XXX, Table 7. Calculate the per cent by weight of 
alcohol in the candy fiUing. 

29 COLORING M A'mR.--TBNTATIVB« 
Proceed as directed under X. 

30 MBTALS.— TBNTATIVB. 
Proceed as directed under XI. 

HONET«. 

31 PREPARATION OF SAMPLB.— OFFICIAL, 

(SI) Liquid or ^trained honey, — If the sample is free from granulation, mix thoroughly 
by stirring or shaking before drawing weighed portions for the analytical determination. 
If the honey is granulated, place the container, having the stopper loose, in a water 
bath and heat at a temperature not exceeding 50°G. until the sugar crystals dissolve; 
mix thoroughly, coed and weigh portions for the analytical determinations. If sediment 
such as wax, sticks, bees, particles of comb, etc., is present, heat the sample to 40**G. 
in a water bath and filter through cheese-cloth before weighing portions for analysis. 

(b) Comb honey, — Gut across the top of the comb, if sealed, and separate completely 
from the comb by straining through a 40 mesh sieve. When portions of the comb or 
wax pass through the sieve, heat the sample as in (a) and strain through cloth. If 
the honey is granulated in the comb, heat until the wax is liquefied, stir, cool, remove 
the wax and take the clear liquid for analysis. 
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32 MOISTUa&r-OFVIGUL. 

Weigh 2 grams of the sample into a tared, flat-bottomed aluminium dish, having a 
diameter of about 60 mm. and containing 10-15 grams of fine quartz sand, which has 
been previously washed* dried and ignited, and a small glass stirring rod; add &>10 
cc. of water and thoroughly incorporate with the sand and honey mixture by meeuis 
of the rod; dry the dish and its contents to constant weight in a vacuum oven at a tem- 
perature not exceeding TO'^C. 

33 ASH.— OFnCIAL. 

Weigh 5-10 grams of honey into a platinum dish, add a few drops of pure olive oil 
to prevent spattering, and heat carefully until swelling ceases and then ignite at a 
temperature not above dull redness until a white ash is obtained. 

34 SOLUBLB ASH.— OFFICIAL. 
Proceed as directed under 14. 

35 ALKALINITY OF THB SOLUBLB ASH.— OFHCIAL. 

Proceed as directed under 15. 

POLARIZATION. 

36 Direct Poleirization. — Tentaiive. 

(a.) ImmediaU direct polarization. — ^Transfer 26 grams of the honey to a 100 cc. flask 
with water, add 5 cc. of alumina cream, dilute to the mark with water at 20°G., filter 
and polarize immediately in a 200 mm. tube. 

(b) Constant direct polarization. — Pour the solution from the tube used in reading 
(a) back into the flask, stopper and allow to stand for 24 hours. At the end of this 
time again polarize the sohition at 20''G. in a 200 mm. tube. 

(C) Birolaiion. — ^The difference between (a) and (b) gives the birotation. 

(d) Direct polarization at 87^C. — Polarize the solution, obtained as directed under 
<b), at ST'^G. in a jacketed 200 mm. tube. 

37 Invert Polarizaiion, — Tentative. 

(a) At 20^C. — Invert 50 cc. of the solution obtained in 36 as directed under VII, 
14 or 16, and polarize at 20°C. in a 200 nmi. tube. 

(b) At 8TC. — Polarize the solution, obtained as directed under (a), at 87°C. in a 
200 mm. jacketed tube. 

38 RBDUCING SXTGARS.— OFFICIAL. 

Dilute 10 00. of the solution, used for direct polarization, 36, to 250 oc. and deter- 
mine reducing sugars in 25 cc. of this solution by one of the methods given under VII, 
25, 35, 38 or 55, respectively. Calculate the result to per cent of invert sugar. 

39 SnCROSB.->OfFICUL. 

Proceed as directed under VII, 18. Determine reducing sugars after inversion by 
diluting 10 cc. of the solution obtained in 37 with a small amount of water, neutralizing 
with sodium carbonate and making up to 250 cc. with water. Employ 50 cc. of this 
solution for the determination, using the same method as in 38. 
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40 LBVUL08B.~TBirrATIVB. 

Multiply the direct reading at 87°G., 36 (d), by 1.0315 and subtract the product 
from the constant direct polarization at 20^0., 36 (b); divide the difference by 2.391.9 
to obtain the grains of levulose in a normal weight of the honey. From this figure 
calculate the per cent of levulose in the original sample. 

41 DSXTROSB.— TENTATIVE. 

Subtract the per cent of tevuloee, obtained in 40, frcn the per cent of invert sngar* 
found in 38, to obtain the approximale per cent of dextroBO. 

The dextrose can be determined more accurately by multiplying the per. oent of 
levulose, as found in 40, by the factor 0.915, tiHuch gives its dextrose eqoivalent in 
copper reducing power. Subtract this figure from that of the reducing sugars, 38, 
calculated as dextrose, to obtain the percentage of dextrose in the sample. (Owing to 
the difference in the reducing powers of different sugars, the sum of the dextrose thus 
found and the levulose as obtained in 40 will be greats than the amount of invert 
sugar obtained in 38.) 

42 DEXTRIN (APPROUMATBK— TBNTATIVB. 

Transfer 8 grams of the sample (4 grams in the case of dark colored honey-dew 
honey) to a 100 cc. flask (using not more than 4 cc. of water) by allowing the sample 
to drain from the weighing dish into the flask and then dissolving the residue in 2 cc. 
of water. After adding this solution to the contents of the flask, rinse the weighing 
dish with two 1 cc. portions of water to which a little alcohol is added subsequently. 
Fill the flask to the mark with absolute alcohol, shaking constantly. Set the flask 
aside until the dextrin has collected on the sides and bottom and the liquid is clear. 
Decant the clear liquid through a filter paper and wash the residue in the flask with 
10 cc. of 95 per cent alcohol, pouring the washings through ihe same filter. Dissolve 
the dextrin in the flask with boiling water and filter through the filter paper already 
used, receiving the filtrate in a tared dish, prepared as directed under 4. Rinse the 
flask and wash the filter a number of times with small portions of hot water, evaporate 
on a water bath and dry to constant weight in vacuo at 70^G. 

After determining the weight of the alcohol precipitate, dissolve the latter in water 
and make up to definite volume, using 50 cc. of water for each 0.5 gram of precipitate 
or part thereof. 

Determine reducing sugars in the solution both before and after inversion as directed 
under VII, 18, expressing the results as invert sugar. Calculate sucrose from the 
results thus obtained and subtract the sum of the reducing sugars before inversion 
and sncrose from the weight of the total alcohol precipitate to obtain the weight of the 
dextrin. 

43 F^B M:ID.— pFEICIAL.. 

Dissolve 10 grams of the honey in water and titrate with N/10 sodium hydoxid 
solution, using phenolphthalein as an indicator. Express the results in terms of cc. of 
N/10 sodium hydroxid required to neutralize 100 grams of the sample. 

44 GLUCOSE.— TENTATIVE. 

Quatiiative test. — Dilute the honey with water in the proportion of 1 to 1, then add : 
a few cc. of iodin sohition (1 gram of iodin, 3 grams of potassium iodid, 50 cc. of water).. 
In the presence of glucose the solution turns red or violet, the depth and character of 
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the color depending upon the quality and nature of the glucose employed. A blank 
test with a pure honey of about the same color should be made in order to secure an 
accurate c<^or comparison. Should the honey be dark and the percentage <if glucose 
very small, precipitate the dextrin which may be present by adding several volumes 
of 95 per cent alcohol. Allow to stand until the precipitate settles (do not filter), decant 
the liquid, dissolve the residue of dextrins in hot water, cool and apply the above test 
to this s<^ution. A negative result is not proof of the abs^ioe of glucose, as some glucose, 
especially of high conversion, does not give any reaction with iodin\ 

QuaniUaiive iut, — ^An approximate determination can be made by Browne's fonnula 
as follows: Multiply the diffeienoe in the polarisations 6L the invert solution at TXfC 
and 87*^G. by 77 and divide this product by the percentage of invert sugar after inver- 
sion found in the sample. Multiply the quotient by 100 and divide the product by 
26.7 to obtain the percentage of honey in the sample; 100 per cent minus the per cent 
iA. honey gives the percentage of glucose. 

COMMBECUL HTVXRT SVOAM*. 
Resorein test}, — TenUUvoe, 

45 REAOBZfT. 

Reiorein sohUion. — Dissolve 1 gram of resorcin in 100 oc. of hydrochloric acid, ap. 
gr. 1.19. 
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MANIPUI^ATIOIf. 



Introduce 10 cc. of a 50 per cent honey solution into a test tube and add 5 cc. of ether. 
Shake gently and allow to stand for some time until the ether layer is clear. Transfer 
2 cc. of this dear ether solution to a small test tube and add a large drop of the resorcin 
solution. Shake and note the color immediately. In the preaeooe of artificial invert 
sugar, the resorcin assumes immediately an orange-red ccAor turning to dark red. 

AnUin Chlorid Tesi^K—TenUiUoe. 

47 REAGENT. 

Anilin chlorid solvUion. — ^To 100 cc. of G. P. anilin add 30 cc. of 25 per cent hydro- 
chloric acid. 

48 MANIPULATION. 

Introduce 5 grains of the honey into a porcelain dish and add 2.5 cc. of the anilin 
reagent. A bright red color indicates the presence of commercial invert sugar. 

49 DIASTASB^'.— TBRTATIVB. 

Mix 1 part of honey with 2 parts of sterile water. Treat 10 cc. of this solution with 
1 cc. of 1 per cent soluble starch solution and digest at 45^G. for an hour. At the end 
of this time test the mixture with 1 cc. of iodin solution (1 gram of iodin, 2 grams of 
potassium iodid, 300 cc. of water). Treat another 10 cc. portion of the honey solution, 
mixed with 1 cc. of the soluble starch solution, without heating to 45*^6.. with the 
reagent and compare the colors produced. If the original honey had not been heated 
sufficiently to kill the diastase, an olive-green or brown coloration will be produced in 
the mixture that has been heated at 45*^G. Heated or artificial honey becomes blue. 
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MAPLS PRODUCTS. 

50 PREPARATION OF SAMPLB.— OFFICIAL. 

(a) Maple sirup. — Determine the moisture by the method given under 51 (a). If 
the moisture is less than 35 per cent* and there is some mineral sediment, pour the 
clear sirup into a beaker, washing the sediment also into the beaker with water. Then 
concentrate the sirup by boiling to a moisture content d about 35 per cent (b. p. 104^G). 
Set aside until cool, or preferably let the covered material stand overnight, and pour 
off the dear liquid for the analytical work. Where no sediment is present the sample 
is ready for analysis after careful mixing. Where sugar has crystallised out, warm to 
dissolve the sugar before starting the analysis. It is desirable, in order to compare 
results upon different samples, to reduce all results other than moisture to a dry sub- 
stance basis as determined in the clear sirup. 

(b) MapU sugar, maplt cream, maple wax, etc. — Determine moisture, by the method 
given under 51 (b), in the sample in its original condition, after thoroughly mixing, 
if semi-plastic, or after rubbing up in a mortar representative portions of the product, 
if solid. For all other analytical determinations use a solution prepared as follows: 
Weigh roughly 100 grams of the product into a beaker and dissolve by boiling with 
200 cc. of water. Decant the resulting sirup while hot through a muslin filter, concen- 
trate by boiling to a moiiture content of 35 per cent (b. p. 104^0.), cool, or preferably 
let the covered material stand overnight, set aside until clear, and use this dear sirup 
for analysis. It is desirable, in order to compare results upon different samples, that 
all results except mobture be expressed upon a dry basis. 

51 M0ISTirRB.-OFFICIAL. 

(a) Mapie sirup. — Proceed as directed under 32 or 9. 

(b) Maple sugar, maple cream, eie. — Proceed as directed under 32. 

52 POIJJUZATION.-<IFfICUL. 

(a) Direei ai 30^C.— Proceed as directed under V II, 14. 

(b) Insert ai 20*0.— Proceed as directed under V II, 14. 
(C) Insert ai STC. — Proceed as directed under 22. 

53 RXDUCING SUGARS AS OfYBRT SUOAR.~OFFICIAL. 

(a) Before inversion. — Proceed as directed under VII, 25, using an aliquot of the 
solution used for direct polarization, 52 (a), and only neutral lead acetate for clarifi- 
cation. 

(b) After inversion. — ^Proceed as directed under VII, 25, using an aliquot of the 
solution used for the invert polarization, 52 (b), and only neutral lead acetate for 
clarification. 

SUCROSS. 

54 By Polarization. — Official. 
Proceed as directed under VII, 14 or 16. 

55 By Reducing Sugars Before and After Inversion. — Official. 
Proceed as directed under VII, 18. 

56 COMMBRCIAL OLacOSB.-OFFICIAL. 

Proceed as directed under 22. 
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57 TOTAL ASH.— ofucul; 

Proceed as din^cled under 10. 
58 SOLOBLS AND IRSOLUBLlt ASH.— OFIICIAU 

Proceed as H ..e<^ <c*d under 14. 

59 ALKAUmrr of thb soluble ash.— opvicial. 

Proceed a8 <it! .Nled under 15. 

60 ALK/aiNITT OF THB INSOLUBLE ASH.— OFHCIAL. 
Procer ! ,i. ..reeled under 16. 

LEAD NUMBER (WINTON).— TENTATIVE. 

61 REAGENTS. 

SicLndard hgsic lead acetate solution. — Boil 430 grama of neutral lead acetate and 130 
Krams of Uthiu-ge, for 30 minutes, or boil 560 grams of Home's dry basic lead acetato 
wiiL 1 iiler *j[ water, cool, allow to settle and dilute the superaatant liquid to 1.25 sp. 
gr. To a measured amount of this solution add 4 volumes of water and filter if not 
\}cdec\ly dear. The solution should be standardized each time a set of det^nninationft 
is made 

If the directions for preparing tlie basic lead acetate are not carried out carefully » 
t he use of Home's dry basic lead acetate is preferable. 

62 DETERMINATIOOr OF LEAD IN THE BLANK. 

Transfer 25 cc. of the standard basic lead acetate to a 100 cc. flask, add a few drops 
of acetic acid, and make up to the mark with water. Shake and determine lead sulphate 
in 10 cc. of the solution as directed under 63. The use of the acid is imperative in thk 
case to keep the lead in solution, when diluted with water. 
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DETERMINATION. 



Transfer 25 grams of the sample to a 100 cc. flask by means of water. Add 25 cc. of 
the standard basic lead acetate and shake, All to the mark, shake and allow to stand 
for at least 3 hours before filtering. Pipette 10 cc. of the dear filtrate into a 250 cc. 
beaker, add 40 cc. of water and 1 cc. of concantrated sulphuric acid, shake and add 
100 cc. of 95 per cent alcohol. Allow to stand overnight, filter on a tared Gooch, wash 
with 95 per cent alcohol, dry in a. water oven and ignite in a muffle or over a BunHen 
burner, applying the heat gradually at first and avoiding a reducing flame. Cool and 
weigh. Subtract the weight of lead sulphate so found from the weight of lead sulphate 
found in the blank, 62, and multiply by the factor 27.33. The use of this factor gives 
the lead number directly without the various calculations otherwise required. 

64 MAUC-ACID VALUE (COWLBSW).— TENTATIVE. 

Weigh 6.7 grams of the sample into a 200 cc. beaker, add 5 cc. of water, then 2 ce^ 
of a 10 per cent calcium acetate solution and stir. Add graduaUy, and with constant 
stirring, 100 cc. of 95 per cent alcohol, and agitate the solution until the precipitate 
settles, or let stand until the supernatant liquid is clear. Filter off the precipitate and 
wash with 75 cc. of 85 per cent alcohol. Dry the filter paper and ignite in a platinum 
dish. Add 10 cc. of N/10 hydrochloric acid and warm gently until all the lime dissolves. 
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CkK>l and titrate bacJc with N/10 sodium lijdroxid, using methyl orange as an indicator. 
The difference in qc,, divided by 10, represents the malic acid value of the sample. Pre- 
vious to use the reagents should be tested by a blank determinatipn and any necessary 
corrections applied. 

65 M&TALS.— TBNtATIVE. 
Proceed as directed under XI. 

SUGAR HOUSE PRODUCTS. 

SUCROSE IN BESTS. 

66 Alcohol Extraction Method}^. — Tentative. 

Weigh 26 grams of the beet pulp and transfer to a 100 cc. flask with about 50 cc. of 
90 per cent alcohol and 3^ cc. of basic lead acetate solution. Connect a reflux con- 
denser to the flask and place on a boiling water bath for 10-15 minutes. Then pour 
the whole into a Soxhlet extractor, washing out the flask with fresh portions of 90 
per cent aicohoL Connect the same 100 cc. flask to the extractor, and fit the latter 
with a return condenser. Add 90 per cent alcohol until the siphon is started and the 
flask is about three-fourths fuU. Place the flask in a covered water bath kept at a heat 
that will allow the alcohol to boil freely. Continue the extraction for 1-^ hours, or 
until a test of the alcohol in the extractor gives no color with alpha-naphthol solu- 
tion when tested as follows: Introduce into a test tube a few drops of the alcohol 
coming from the extractor, add 4 or 5 drops of a 20 per cent alcoholic alpha-naphthol 
solution and 2 cc. of water. Shake well, tip the tube, and allow 2-5 cc. of colorless 
concentrated sulphuric acid to flow down the side of the tube; then hold the tube up- 
right and, if sucrose is present, a color varying Xrom a faint to a deep violet will be 
noted at the junction of the two liquids. On shaking, the wholei solution becomes a 
blue violet color. This test is suitable for this' work, but it must be remembered that 
other substances besides sucrose give this color reaction. 

Remove the flask from the water bath, transfer the contents to a 100 cc. gradu- 
ated flask, cool to the standard temperature, dilute to the mark with 90 per cent 
alcohol, shake and filter, keeping the funnel covered with a watch glass. Polarize in 
a 200 mm. tube. 

Avoid evaporation and changes of temperature and also use a minimum amount of 
basic acetate for clarification, 3 cc. rather than 5 cc. By digesting the beet pulp with 
the alcohol before extraction, the time of extraction is greatly shortened, the pulp 
becomes thoroughly impregnated with the alcohol and all the air is removed, resulting 
in a good extraction of the whole material. If the pulp is fine and tends to clog the 
siphon, alcohol-washed cotton may be used as a plug in the extractor before adding 
the beet pulp and a fine mesh screen may be placed over the pulp to keep the whole 
compact in the extractor. 

67 Hot Water Digestion Method I ^*.— Tentative. 

Weigh 52 grams of the beet cuttings and transfer them with water to a wide-mouthed 
flask graduated to a content of 201.2 cc.; add 5-10 cc. of basic lead acetate solution, fill 
the flask to the mark with hot water and shake. Immerse the flask in a water bath at 
80^C. and rotate at intervals. Add water from time to time so that at the end of the 
heating (about 30 minutes) the water in the flask is a little above the mark. Remove 
the flask from the water bath and allow it to cool to standard temperature. Add sufii- 
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dent coDcentnited acetic acid to make the solution very slightly acid (generally less than 
0.5 cc.) and a few drops of ether to break the foam. Make up to the mark, mix 
thoroughly, filter and polarize in a 200 nmi. tube. 

The fineness of the pulp governs the time of heating. Add enough water at the start 
and maintain this volume during the extraction, so that not more than 5 cc. of water 
will be necessary to complete the volume after cooling. The proportion of pulp to 
water must not be increased beyond the prescribed amount, for when snuJler propor- 
tions of water to pulp are used and then a large quantity <^ water is added at the last 
to make up to volume, the sugar does not become equally diffused and the results 
are too low. Differences of over 1 per cent in sugar content may be caused by lack of 
care in this particular. 

68 Hoi Waier Digestion Method IPK—TerUaii9e. 

There are needed nickel-plated sheet iron vessels, 11 cm. high, 6 cm. body diameter, 
and 4 cm. mouth diameter, also stoppers covered with tin foQ to fit. 

Weigh 26 grams of the beet pulp on a watch glass (small enough to go into the neck 
of the beaker) and transfer to the metal beaker, add 177 cc. of dilute basic lead acetate 
solution (5 parts of basic lead acetate solution (sp. gr. 1.25) to 100 parts of water), 
shake and stopper lightly. Submerge the beaker in a water bath at 75^~i80^G. for 30 
minutes, shaking intermittently. When all the air has been expdled (generally after 5 
minutes), tighten the stopper. After 30 minutes, shake, cool to standard temperature, 
filter, add a drop of acetic acid to the filtrate and polarize in a 400 mm. tube. The 
reading is the per cent of sugar in the beet pulp. 
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IX. FOOD PRESERVATIVES. 
SALICYLIC ACID. 

1 PRBPARATIOir or SAMPLB.— OFFICIAL. 

(a) Non-aicoholie liquids, — Many liquids may be extracted directly as described in 

2 or 4 without further tjreatment. If gums or mucilaginous substances are present 
which cause troublesome emulsions during extraction, pipette 100 cc. into a 250 cc. 
volumetric flask, add about 5 grams of sodium chlorid, shake until the latter is dis- 
solved, make up to the mark with alcohol, shake vigorously, allow the mixture to 
stand for 10 minutes with occasional shaking, filter through a dry folded filter and 
treat an aliquot of the fiHrate as directed under (b). 

(b) Alcoholic liquids. — Make 200 cc. of the sample alkaline with sodium hydroxid 
solution, using litmus as an indicator, and evaporate on a steam bath to about one- 
third its original volume. Dilute to the original volume with water and filter, if necessary, 
through a dry filter. 

(C) Solid or semi-solid substances, — Grind the sample and mix thoroughly. Transfer 
a convenient quantity (50-200 grams according to the consistency of the sample) to a 
500 cc. volumetric flask, add sufficient water to make a volume of about 400 cc., shake 
until the mixture becomes uniform, add 2-^5 grams of calcium chlorid, shake until 
the latter is dissolved, render distinctly alkaline with sodium hydroxid solution, using 
litmus as an indicator, fill to the mark with water, shake thoroughly, allow to stand for 
at least 2 hours, shaking frequently, and filter through a large folded filter. 

DBTBCnON AKD B8TIMATI01I. 
2 Ferric Chlorid TesL—QualiUUivc—Offkial. 

Introduce 50 cc. of the sample or an equivalent amount of an aqueous extract, 
prepared as directed under 1, into a separatory funnel, add one-tenth its volume of 
dilute hydrochloric acid (1 to 3) and extract with 50-100 cc. of ether. If the mixture 
onulsifies, add 10-15 cc. of petroleum ether (b. p. below OO^G.) and shake. If this 
treatment fails to break the emulsion whirl the mixture in a centrifuge, or allow it to 
stand until a considerable portion of the aqueous layer has separated, run off the latter, 
shake vigorously and again allow to separate. Wash the ether layer with two 5 cc. 
portions of water, evaporate the greater portion of the ether in a porcelain dish on a 
steam bath, allow the remainder to evaporate spontaneously and add a drop of 0.5 
per cent ferric chlorid solution. A violet color indicates salicylic acid. 

If coloring matter or other interfering substances are present in the residue left 
after evaporation of the ether, purify the salicylic acid by one of the following methods: 

(a) Dissolve the residue from the ether extract, obtained as directed above, in 
about 25 cc. of ether, transfer the latter to a separatory funnel and shake with an 
equal quantity of water, made distinctly alkaline with several drops of ammonium 
hydroxid. AUow to separate, filter the aqueous layer through a wet filter into a porce- 
lain dish, evaporate almost to dryness and test the residue as directed above. 

(b) Dry the residue from the ether extract, obtained as directed above, in a desiccator 
over sulphuric add and extract with several 10 cc. portions of carbon disulphid or 
petn^eum eth^ (b. p. below 60°G.), rubbing the contents of the dish with a glass 
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rod and filtering the successive portions of the solvent through a dry paper into a 
second porcelain dish. Evaporate the greater portion of the solvent on a steam bath, 
allow the remainder to evaporate spontaneously and test the residue as directed above. 

(C) Transfer the residue from the ether eictract, obtained as directed above, to a 
small porcelain crucible by means of a few cc. of ether and allow the solvent to evaporate 
spontaneously. Gut a hole in a pieee of asbestos board sufficiently large to admit about 
two-thirds of the crucible, cover the latter with a small, round-bottomed flask filled 
with cold water and heat over a small Bunsen flame until any salicylic acid present 
has sublimed and condensed upon the bottom of the flask. Test the sublimate as 
directed above. 

3 Jarissen TesO. — Qualitative. — Official. 

Dissolve the residue from the ether extract, obtained as directed under 2, or, in 
case impurities are present, the purified material obtained as directed under 2 (£1), 
(b) or (C) in a little hot water. Cool 10 cc. of the solution in a test tube, add 4 or 5 
drops of 10 per cent potassium nitrite solution, 4 or 5 drops of 50 per cent acetic acid 
and 1 drop of 10 per cent cupric sulphate solution, mix thoroughly and heat to boiling. 
Boil for half a minute and allow to stand for 1-2 minutes. In the presence of salicylic 
acid a blood red color will develop. 

* Cohrimeiric Method. — Quantitative.— 4)ffieial. 

4 EXTRACTION. 

Pipette a convenient portion of the sample (100 cc. or a volume representing not 
less than 20 grams of the original sample) or a soluUonu pref>ared as in 1, into a sepa- 
ratory funnel, make the solution neutral to litmus with dilute hydrochloric acid (1 to 3) 
and add an excess of concentrated hydrochloric acid equivalent to 2 cc. of acid for 
each 100 cc. of solution. Extract with 4 separate portions of ether, using for each 
extraction a volume of ether equivalent to half the volume of the aqueous layer. If an 
emulsion forms on shaking, this may usually be broken by adding a little (one-fifth 
the volume of the ether layer) petroleum ether (b. p. below 60*^0.) and shaking again or 
by centrifugalizing. If a small amount of emulsion still persists, aUow it to remain with 
the aqueous layer, where it is frequently broken during the next extraction. If an 
emulsion remains after the fourth extraction, separate it from the clear ether and the 
clear aqueous layer and extract it separately with 2 or 3 small portions of ether. Com- 
bine the ether extracts, wash with one-tenth their volume of water, allow the layers 
to separate and reject the aqueous layer. Wash in this way until the aqueous layer 
after separation yields a yellow color upon the addition of methyl orange and 2 drops 
of N/10 sodium hydroxid. Distil slowly the greater part of the ether, transfer the 
remainder to a porcelain dish and allow it to evaporate spontaneously. If there are no 
interfering substances present, proceed as directed under 5. If such interfering sub- 
stances are present, purify the residue by one of the following methods: 

(3,) Dry thoroughly the residue in vacuo over sulphuric acid and extract with 10 
portions of 10-15 cc. each of carbon disulphid or petroleum ether (b. p. below 60'C.), 
rub the contents of the dish with a glass rod and filter the successive portions of the 
solvent through a dry filter into a porcelain dish. Test the extracted residue with a 
drop of ferric alum solution and, if it gives a reaction for salicylic acid, dissolve it In 
water and re-extract with ether, proceeding as directed above. Distil the greater 
portion of the carbon disulphid or petroleum ether and allow the remainder to evaporate 
spontaneously. Proceed as directed under 5. 

(b) Dissolve the residue in 40-^50 cc. of ether. Transfer the ether sc^ution to a 
separatory funnel and extract with 3 successive 15 cc. portions of 1 per cent ammonium 
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hydraxid. (If fat is known to be present in the original ether extract, extract the kttes 
directly with 4 portions of the antmbniom hydroxid instead of 3.) Combine the alkafine 
aqueous extracts, acidify, again extract with ether and wash the combined ether ex- 
tracts as directed above. Distil slowly the greater portion of the ether., allow the re- 
mainder to evaporate spontaneously and proceed as directed under 5» 

5 DETERBflNATION 

Dissolve the residue, obtained in 4, in a small amount of hot water and, after cooling, 
dilute to a definite volume (usually 50^190 cc), dependent on the amount of salicylic 
a<nd present. If the solution is not clear, filter through a dry filter. Dilute aHquots of 
the solution and treat with a few drops of (X5 per cent ferric chlorid solution or 2 per 
cent ferric alum sohition. 

The ferric alum solution should be boiled until a precipitate appears, allowed to 
setUp, and filtered. The acidity ef the solction is slightly increased in this manner, 
but it remains clear for a considerable time and the turbidity caused by its dilution 
with water is much less and does not appear so soon as when the unboiled section 
is used. This turbidity aaterfeces with the exact matching of the color. 

Ckimpare the colors developed' with that obtained when a standard salicylic acid 
sohition (containing 1 mg. of salicylic acid in 50 oc.) is similariy treated, using Nessler 
tubes or a colorimeter. In either case, and especially with ferric chlorid, avoid an excess 
of the reagent, although an excess of 0.5 cc. of 2 per cent ferric alum solution may be 
added to 50 cc. of the comparison solution of salicylic acid without impairing the results. 

BENZOIC ACID. 
PRBPAltATIOir OF 8AMFLS.— OFPIOIAL. 

6 General Method. 

If the sample is solid or semi-solid, grind it, and mix thoroughly. Transfer about 
150 grams to a 500 cc. graduated flask, add enough pulverized sodium chlorid to saturate 
the water in the sample, render alkaline with sodium hydroxid solution or milk of 
lime and dilute to the mark with saturated salt solution. Allow to stand for at least 
2 hours, with frequent shaking, and filter. U the sample contains large amounts of 
matter precifatable by salt solution, it is advisable to follow a method similar to that 
given under 7 (d). When alcohol is present, follow the method given under 7 (C). 
When large amounts of fats are present, make the filtrate alkaline and extract bef<M« 
proceeding as directed under 11. 

7 Special Methods. 

(a) Ketchup. — Saturate the water in 150 grams of ketchup by adding 15 grams of 
pulverized sodium chlorid. Transfer the mixture to a 5(X) cc. graduated flask, rinsing 
with about 150 cc. of saturated sodium chlorid solution. Make slightly alkaline to 
litmus paper with strong sodium hydroxid solution and fill to the mark with saturated 
salt solution. Allow to stand for at least 2 hours, shaking frequently. Squeeze through 
a heavy muslin bag and then filter through a large folded filter. 

(b) Jellies, jams, preserves and marmalades. — Dissolve 150 grams of the sample in 
about 300 cc. of saturated salt solution. Add 15 grams of pulverized sodium chlorid. 
Make alkaline to litmus paper with milk of hme. Transfer to a 500 cc. graduated flask 
and dilute to the mark with saturated salt solution. Allow to stand for at least 2 hours, 
shaking frequently, centrifugalize if necessary and filter through a large folded filter. 

(C) Cider containing alcohol, and similar products. — Make 250 cc. of the sample alka- 
line to litmus paper with sodium hydroxid solution and evaporate on a steam bath to 
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about 100 oc. Transfer the sample to a 250 oc. graduated flask, add 30 grams of pul- 
verized sodium chlmd and shake until dissolved. Dilute to the original vc^ume, 250 
cCm with saturated salt solution, allow to stand for at least 2 hours, shaking frequently, 
and filter through a folded filter. 

(d) SaUed or dried fish. — ^Wash 50 grams of the ground sample into a 500 cc. gradu- 
ated flask with water. Make slightly alkaline to litmus paper with strong sodium 
hydroxid solution and dilute to the mark with water. Allow to stand for at least 2 
hours, ohMking frequently, and then filter through a folded filter. Pipette accurately 
as large a portion of the filtrate as possible (at least 300 cc.) into a second 500 cc. flask. 
Add 30 grams of the pulverised sodium chlorid for each 100 cc. of solution. Shake 
until the salt has dissolved and dilute to the mark with saturated salt solution. Mix 
thoroughly and filter off the precipitated protein matter on a f<4ded filter. 

8 DSTBCTIOR AHD BSTOfATIOR. 

Extract benzoic acid as directed under 2 or 4. If benzene add is present in consider- 
able quantity, it will crystallize from the ether in shining leaflets having a character* 
istic odor on heating. Dissolve the residue in hot water divide into 2 portions and 
test according to 9 or 10. The residue may also be purified as directed under 2 (C) 
and the melting point determined. 

9 Ferric Chlorid Tt$U—QualUaiive,— Official 

Make the solution from 8 alkaline with anunonium hydroxid, expel the excess of am- 
monia by evaporation, dissolve the residue in water and add a few drops of a neutral 
0.5 per cent fernc chlorid solution. A brownish precipitate of ferric benzoate indicates 
the presence of benzoic acid. 

10 Modified Mohkr Test^.-^QvudiUUive.'-Official. 

(The presence of phenolphthalein interferes with this test.) 

Add to the water solution, prepared as described under 8, 1-3 oc. of N/3 sodium 
hydroxid and evaporate to dryness. To the residue, add 5-10 drops of concentrated 
sulphuric add and a small crystal of potassium nitrate. Heat for 10 minutes in a glycerol 
bath at 120°-130^G., or for 20 minutes in a boiling water bath. The temperature 
must not exceed 130^G. After cooling add 1 cc. of water and make distinctly am- 
moniacal; boil the solution to decompose any ammonium nitrite which may have been 
formed. Cool and add a drop of fresh, colorless amm<mium sulphid, without allowing 
the layers to mix. A red-brown ring indicates benzoic acid. On mixing, the color diffuses 
through the whole liquid and, on heating, finally changes to greenish yellow. This 
differentiates benzoic acid from salicylic add or dnnamic acid. The last two form 
colored compounds, which are not destroyed by heating. 

1 1 Quaniilalive Method,— Official, 

Pipette a convenient portion (100-200 cc.) of the filtrate, obtained in 6 or 7, into a 
separatory funnel. Neutralize the solution to litmus paper with hydrochloric add 
(1 to 3) and add an excess of 5 cc. of the same acid. In the case of salted fish a pre- 
dpitation of protein matter usually occurs on addifying, but the predpitate does not 
interfere with the extraction. Extract carefuUy with chloroform, using successive 
portions of 70, 50, 40, and 30 cc. To avoid the formation of an emulsion, shake cau- 
tiously each time. The chloroform layer usually separates readily after standing a few 
minutes. If an emulsion forms, break it: (1) by stirring the chloroform layer with a 
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glaw rod; (2) by drawing it off into a second funnel and giving 1 or 2 sharp shakes 
irotn one end of the funnel to the other; or (3) by oentrifugalizing for a few minutes. 
As this is a progressive extraction, draw off carefully as much of the clear chloroform 
solution as possible after each extraction, but do not draw off any of the emulsion 
with the chloroform layer. If this precaution is taken, the chloroform extract need 
not be washed. 

Transfer the combined chloroform extracts to a porcelain evaporating dish, rinse the 
container several times with a few cc. of chloroform and evaporate to dryness at room 
temperature in a current of air dried over calcium chlmd. 

The extract may also be transferred from the separatory funnel to a 300 cc. Erlen- 
meyer flask, rinsing the separatory funnel 3 times with ^10 cc. portions of chloroform. 
Distil very cajrefully to about one-fourth the original volume, keeping the temperature 
down so that the chloroform comes over in drops, not in a steady stream. Then transfer 
the residue to a porcelain evaporating dish, rinsing the flask 3 times with 5-10 cc. 
portions of chloroform, and allow to evaporate to dryness spontaneously. 

Dry the residue overnight (or until no odor of acetic acid can be detected if the 
product is a ketchup) in a desiccator containing sulphuric acid. Dissolve the residue 
of benzoic acid in 30*^ cc. of neutral alcohol, add about one-fourth this volume of 
water, 1 or 2 drops of phenolphthalein, and titrate with N/20 sodium hydroxid (1 cc. is 
equivalent to 0.0072 gram of anhydrous sodium benzoate). 

SACCHAJON. 
12 QaalUative Tesl.'-Official 

Elxtract with ether (after maceration and exhaustion with water, if necessary), as 
directed in 14. Allow the ether extract to evaporate spontaneously and note the taste 
of the residue. The presence of saccharin, to the extent of 20 mg. per liter, is indicated 
by a sweet taste. Confirm by heating with sodium hydroxid, as described below, and 
detecting the sahcylic acid formed thereby. A sweet taste, suggesting the presence of 
a trace of saccharin, has been obtained frequently in saccharin-free wines, due to the 
so-called '*false saccharin". 

Acidify 50 cc. of a non-alcoholic liquid food or the aqueous extract of 50 grams of a 
solid or semi-sohd, prepared as directed in 13, and extract with ether as directed in 
14. Dissolve the residue, remaining after evaporation of the ether, in a little hot water 
and test a small portion of this solution for salicyHc acid as directed under 2 or 3. Dilute 
the remainder of the solution to about 10 cc., and add 2 oc. of sulphuric acid (1 to 3). 
Heat to boiling and add a slight excess oi 5 per cent potassium permanganate solution, 
drop by drop; partly cool the solution, dissolve a piece of sodium hydroxid in it and 
filter the mixture into a silver dish (silver crucible lids are well adapted to the purpose) ; 
evaporate to dryness and heat for 20 minutes at 210°-215°G. Dissolve the residue in 
water, acidify with hydrochloric acid and test the ethor extract for salicylic acid as 
directed under 2 or 3. By this method all the so-called "'false saccharin" and the 
salicylic acid naturally present (also added salicylic acid when not present in too large 
an amount) are destroyed, while 5 mg. of saccharin per liter are detected with certainty. 

QuantUaiwe Method. — Offiical. 

13 PREPARATION OF SAMPLE. 

(a) Fruit juices, sirups and other Tum-alcoholic liquids, — Transfer 1(X>-2Q0 grams of 
the sample to a 250 cc. volumetric flask by means of a little water, dilute to about 
200 cc. with water, add 5 cc. of glacial acetic acid, mix, add a slight excess of 20 per 
cent neutral lead acetate solution, mix thoroughly, dilute to the mark with water, 
again mix thoroughly and filter through a folded filter. 
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(b) Alcoholic liquids. — Heat l\Kh200 cc. of the liquid on a steam bath to remove 
alcohol, this being accomplished in most cases by evaporating to one-half the original 
volume. In the case of heavy simps the liquid should be diluted with an equal volume 
of water before beginning the evaporation. After the alcohol has been removed transfer 
to a 250 cc. vqlumetric flask and proceed from this point as directed in (A). 

(C) Solid or semi-solid preparations. — ^Transfer 50-75 grams of the sample to a 250 
cc. volumetric flask by means of a little hot water and add sufficient nearly boiling 
water to make the volume about 200 cc. Allow the mixture to stand for 2 hours, shaking 
occasionally. Then add 5 cc. of glacial acetic acid, mix thoroughly, add a slight excess 
of 20 per cent neutral lead acetate solution, dilute to the mark with cold water, mix 
and allow to stand for 20 minutes. Filter through a folded filter. 

14 * DETERMINATION. 

Transfer 150 cc. of the filtrate (obtained by one of the above methods) to a separatory 
funnel, add 16 cc. of concentrated hydrochloric acid and extract 3 times with 80 cc. 
portions of ether, shaking the separatory funnel for 2 minutes each time. Wash the 
combined ether extracts once with 5 cc of water, remove the ether by distillation and 
transfer the residue to a platinum crucible by means of a little ether; or if substances 
difficultly soluble in ether are present use alternate small portions of water and ether. 
Evaporate the ether on a steam bath, add to the residue 2-3 cc. (or enough to make 
the mixture strongly alkaline) of a 10 per cent sodium carbonate solution, rotate so 
that all the saccharin is brought in contact with the solution and evaporate to dryness 
on a steam bath. To the dry residue in the crucible add 4 grams of a mixture of equal 
parts of anhydrous sodium and potassium carbonates, heat gently at first and then 
to complete fusion for 30 minutes over an alcohol or other sulphur-free flame. The 
fusion may be conducted with a gas flame by closely fitting the crucible into a hole 
cut into a piece of heavy asbestos board so that one- third of the crucible projects above 
the asbestos, and heating the lower portion of the crucible by means of a large Bunsen 
or Meker burner. Cool, dissolve the melt in water, add about 5 cc. of bromin water, 
acidify with hydrochloric acid, filter, wash the paper with a little water, dilute the 
filtrate and washings to about 200 cc, heat to boiling and slowly add an excess of 
barium chlorid solution. Allow to stand overnight, collect the barium sulphate on a 
ffiter (or a platinum Gooch crucible), wash until free from chlorids, dry, ignite, cool 
and weigh. Correct the result thus obtained for any sulphur present in the fusion 
mixture as found by a blank determination. Calculate the equivalent amount of sac- 
charin by multiplying the corrected weight of barium sulphate by 0.7845. 

Instead of the mixed sodium and potassium carbonates, 3-4 grams of sodium peroxid 
may be employed for the fusion. In this case a nickel crucible must be used, and the 
time of fusiob may be reduced to 5 minutes. 

The separation of a little lead chlorid during the extractions does not interfere with 
the accuracy of the method. 

BORIC ACID ANU BORATES. 

15 Qualiiaiive TestK— Official 

Preliminary test, — Immerse a strip of turmeric paper in the sample acidified with 
hydrochloric acid in the proportion of 7 cc of concentrated acid to each 100 cc. of 
sample and allow the paper to dry spontaneously. If borax or boric acid is present, 
the paper will acquire a peculiar red color, changed by ammonium hydroxid to a dark 
blue-green but restored by acid. Solid or pasty samples may be heated with enough 
water to make them sufficiently fluid, concentrated hydrochloric acid added in about 
the proportion of 1 to 13 and the liquid tested in the same way. 
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Confirmahty iegt. — Make about 25 grams' of tike ftamiple decidecHy alkaline with 
lime water and evaporate to dryness on a wAUn bath. Ignite the residue to destroy 
organic matter. Digest with about 15 oc. of water, add concentrated hydrochloric 
acid, drop by drop, until the ignited cesidue is disadved and then add I cc. in exeesa. 
Saturate a piece of turmeric paper with the solution, and allow it to dry without the 
aid of heat. In the presence of borax or boric acid, the color change will be the same 
as given above. 

16 QuantUaiive Method*. — Official. 

Make 10-100 grams of the sample (depending upon the nature of the sample and the 
amount of boric acid present) distinctly alkaline with sodium hydroxid solution and 
evaporate to dryness in a platinum dish. Ignite the residue until organic matter is 
destroyed, avoiding an intense red heat, cool, digest with aboi^t 20 cc. of hot water 
and add hydrochloric acid, drop by drop, until the reaction is distinctly acid. Filter 
into a 100 oc. flask, and wash with a litUe hot water^ the volume of the filtrate not to 
exceed 50-60 cc. Return the filter containing any unbumed carbon to the platinum. 
dish, make alkaline by wetting thoroughly with lime water, dry on a steam bath and 
ignite to a white ashr Dissolve the ash in a few cc.of dilute hydrochloric acid and add to 
the liquid in the 100 cc. flask^ rinsing the dish with a few cc. of water. To the combined 
solutions, add 0.5-5 grams of calcium chlorid and a few drops of phenolphthalein, then 
10 per cent sodium hydroxid solution until a permanent light pink color is produced 
and finally dilute to the mark with lime water. Mix and filter through a dry filter. 
To 50 cc. of the filtrate add N/1 sulphuric acid until the pink color disappears, then 
add methyl orange, and continue the addition of the acid until the yellow color is 
changed to pink. Boil for about 1 minute to expel carbon dioxid. Cool, and carefully 
add N/5 sodium hydroxid until the liquid assumes a yellow tinge, avoiding an excess 
of the alkali. All the boric acid is now in a free state with no uncombined sulphuric 
acid present. Add an equal volume of neutral glycerol and a tittle phenolphthalein. 
Titrate with N/5 sodium hydroxid until a permanent pink color is produced. About 10 
grams of mannitol may be substituted for the glycerol in this determination. At the 
end of the titration add an additional 2 grams and continue the titration if the pink 
color is discharged. Repeat the alternate addition of mannitol and alkali until a per- 
manent end point is reached. 

One cc. of N/5 sodium hydroxid is equivalent to 0.0124 gram of boric acid. 

FORMALDEHTDE. 

17 PREPARATION OF 8A1CPLB.— OFTICIAL. 

If the sample is solid or semi-solid, macerate 200-300 grams of the material with 
about 100 cc. of water in a mortar. Transfer to a short-necked, 500-800 cc copper or 
glass distillation flask and make distinctly acid with phosphoric acid, connect with a 
condenser and distil 40-50 cc. In the case of highly colored liquids, the same method 
of preparation should be employed. 

18 Phenylhydrazin Ilydrochlorid te^i^, — Official. 

In the case of milk and other liquids shake with an equal volume of strong alcohol, 
filter from any insoluble matter and use the filtrate. In the case of meats and fats, 
extract the formaldehyde with alcohol and use the filtrate. In the case of fat, heat 
the mixture above the melting point of the fat to insure thorough extraction. 

Mix 5 cc. of the distillate, as prepared under 17, or of an alcoholic 8<4ution or extract, 
obtained as directed above, with 0.03 gram of phenylhydrazin hydrochlorid and 4 or 
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5 drops of a 1 per cent ferric chlorid solntion. Add slowly and with agtiatioii, in a 
bath of cold water to prevent heating the liquid, 1-2 ec. of oonoentrated snlphuric 
add. DisBolve the precipitate by the addition of either oonoentrated sulphuric add 
(keeping the mixture cool) or alcohoL In the presence of formaldehyde a red color 
develops. 

ThiB method gives rdiable reactions for formaldehyde in solutions of formaldehyde 
varying from 1 part in 50,000 to 1 part in 150,000. Acetaldehyde and benzaldehyde 
give no reaction when treated by this method and do not interfere with the reaction 
given by formaldehyde. 

19 Hehner MelhodK-^fficial. 

Mix about 5 cc. of the distiUate, obtained in 17, with an equal vc^ume of pure milk, 
or a 1-2 per cent solution of egg albumen, in a test tube and underiay with strong com- 
mercial sulphuric add without mixing. A violet or blue color at the juncticMi of the 2 
liquids indicates formaldehyde. Hus color is given only in the presence of a trace of 
ferric chlorid or other oxidizing agent. As pointed out by Hehner, milk may be treated 
directly by this method and gives positive tests in the presence of 1 or more parts of 
formaldehyde per 10,000, Some other artides of food rich in proteins, for example, 
egg albumen, give the reaction in the presence of water without the addition of milk. 

20 Lecu^ Meihod.—Offieial. 

Mix about 5 cc. of the distillate, obtained under 17, with an equal volume of pure 
milk in a porcelain cassert^e and add about 10 cc. of concentrated hydrochloric acid, 
containing 1 cc. of 10 per cent ferric chlorid solution, to each 500 cc. of add. Heat 
to 80*^-90^C. directly over the gas flame, rotating the casserole to break up the curd. 
A violet coloration indicates formaldehyde. 

21 Phenylhydrazin Hydroehlorid and Sodium NUropnusid TesV. — OffieiaL 

This method may be applied directly to liquid foods, to an aqueous or alcoh<^ 
extract of solid foods, or to the distillate prepared as directed under 17. In the case of 
milk, apply the method directly. In the case of meat, ccMnminute the sample, extract 
with 2 volumes of hot water and employ the expressed liquid for the test. Heat fats 
above their melting point with 10 cc. of alcohol, shake thoroughly, cool, filter through 
a moistened filter and use the filtrate for the test. 

Dissolve a lump of phenylhydrazin hydroehlorid about the size of a pea in S-5 oc. 
of the liquid to be tested, add 2-4 drops (not more) of a 5-10 per cent sodium nitro- 
prussid solution and 8-12 drops of an approximately 12 per cent sodium hydroxid 
solution. If formaldehyde is present, a green or blue color develops depending upon 
the amount. When formaldehyde is present to the extent of more than 1 part in 70,000- 
80,000 in the solution tested, a distinct green or bluish green coloration is obtained. In 
more dilute solutions the green tint becomes less marked and a yellow tinge tending 
toward greenish brown develops. 

With this method acetaldehyde and benzaldehyde give a color varying from red to 
brown, according to the strength of the soluticm. A reaction may therefore be obtained ' 
with these aldehydes similar to that obtained with formaldehyde in solutions more 
dilute than 1 part in 70,000. The presence of acetaldehyde or benzaldehyde together 
with formaldehyde gives a yeUowish or yellowish green tinge. The reaction for for* 
maldehyde may therefore be masked by the presence of other aldehydes, but is charac- 
teristic when a dear green cdor is obtained. 
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22 Phenylhydrazin Hydroehlorid and PoUugium Ferrieyanid TetV. — Official. 

Rrooeed «8 directed under 21, aubstituting a sdution of poiaasium ferrieyanid for the 
sodium nitropruflBid. Formaldehyde gives a red color. Alcoholic extracts from foods 
must be diluted with water to prevent the precipitation of potassium ferrieyanid. The 
test is not applicable in the presence of the coloring matter of blood. 

23 Phenylhydrazin HydroeMorid and Ferric Cfdorid TesP,— Official. 

Treat 15 cc. of milk or other liquid food or of the distillate, prepared as directed 
under 17, with 1 oc. of a dilute phenylhydrazin hydroehlorid solution, then with a few 
drops of dilute ferric chlorid solution and finally with concentrated hydrochloric acid. 
The presence of formaldehyde is indicated by the formation of a red ccdor, which 
changes after some time to orange yellow. 

Milk may be examined directly by this method, but more delicate tests may be 
obtained from the distillate from milk or from milk serum. Acetald^yde or benz- 
aldehyde does not interfere with the reaction. 

24 Phhroglueol TeMlK—Officiai. 

To 10 cc. of milk or other liquid food under examination in a test tube add, by means 
of a pipette, 2 cc. of phloroglucol reagent (1 gram of phloroglucol, 20 grams of sodium 
hydroxid and water to make 100 cc.), placing the end of the pipette on the bottom 
of the tube in such a manner that the reagent will form a separate layer. 

If formaldehyde be present, a bright red coloration (not purple) forms at the zone 
<^ contact. This solution gives a yellow color in the presence of some aldehydes and, 
if it is used for the detection of aldehyde formed by the oxidation of methyl alcohol 
after the destruction c^ acetaldehyde with hydrogen peroxid, an orange yellow color 
win slowly appear when an insufficient amount of hydrogen peroxid has been em- 
ployed. On the other hand, if the excess of hydrogen peroxid is not fully destroyed 
before the use of this reagent, a purple color develops slowly. The clear, red color 
given by the use of this reagent forms quickly and, in the presence of but a small 
amount of formaldehyde, fades rapidly. 

FLUORIDS. 

25 Method P.-^fficial. 

Thoroughly mix the sample and boil 150 cc. (in the case of solid foods an aqueous 
extract may be employed provided the fluorids are in a soluble form). Add to the 
boiling liquid 5 cc. of 10 per cent potassium sulphate solution and 10 cc. of 10 per 
cent barium acetate solution. Ck>Uect the precipitate in a compact mass (a centrifuge 
may be used advantageously) and wash upon a small filter. Transfer to a platinum 
crucible and ignite. 

Dip a carefully cleaned glass plate, while hot, in a mixture of equal parts of Car- 
naliba wax and paraffin and allow to cool. Make, with a sharp instrument, a distinc- 
tive mark through the wax, taking care not to scratch the surface of the glass. 

Add a few drops of concentrated sulphuric acid to the residue in the crucible and 
cover with the waxed plate, having the mark nearly over the center and making sure 
that the edge of the crucible is in close contact with it. Keep the top surface of the plate 
cool by means of a suitable device and heat the crucible few an hour at as high a tem* 
perature as practicable without melting the wax (an electric stove gives the most satis- 
factory form of heat). 

If fluorids be present, a distinct etching will be apparent on the glass where it was 
exposed. 
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26 [Method IL-OffieiaL 

The preceding method may be varied by Miidng a flmaM amount of precipitated 
silica with the precipitated barium fluorid and applying the method for the detection 
of fluosilicates, under 38 or 39. 

This method is of value in the case of foods the ash of which contains a considerable 
amount of silica. Under these circumstances, concentrated sulphuric acid liberates 
silicon fluorid, which would escape detection under 25. 

FLUOBORATES AND FLUOSILICATES. 

27 PREPARATION OP SAMPLE.— OFFICIAL. 

Make about 200 grams of the sample alkaline with lime water, evaporate to dryness 
and incinerate. Extract the crude ash with water, to which sufficient acetic acid "has 
been added to decompose carbonates, filter, ignite the insoluble portion, extract with 
dilute acetic acid and again filter. The insoluble portion now contains calcium silicate 
and fluorid, while the filtrate will contain all the boric acid present. 

28 Method P\— Official. 

Incinerate the filter, from 27, containing the insoluble portion, mix with a little 
precipitated silica, transfer to a short test tube, attached to a small U-tube containing 
a few drops of water, and add 1-2 cc. of concentrated sulphuric acid. Keep the test 
tube in a beaker of water on the steam bath for 30-40 minutes. If any fluorin be 
present, the silicon fluorid generated will be decomposed by the water in the U-tube 
and will form a gelatinous deposit on the walls of the tube. 

Next test the filtrate as directed under 15. If both hydrofluoric and boric acids be 
present, it is probable that they are combined as borofluorid. If, however, silicon 
fluorid is detected and not boric acid, the operation should be repeated without the 
introduction of the silica, in which case the formation of the silicon skeleton is con- 
clusive evidence of the presence of fluosilicate. In an ash containing an appreciable 
amount of silica, sulphuric acid will liberate silicon fluorid rather than hydrofluoric 
acid. The presence of a fluosilicate is indicated, therefore, and not the presence of a 
fluorid. 

29 Method II, --Official 

Incinerate the filter, from 27, containing the insoluble portion, in a platinum crucible, 
mix with a little precipitated silica and add 1 cc. of concentrated sulphuric acid. Cover 
the crucible with a watch glass, from the underside of which a drop of water is sus- 
pended, and heat for an hour at TO^-SO'C, keeping the watch glass cooled. The silicon 
fluorid which is formed is decomposed by the water, leaving a gelatinous deposit of 
silica and etching a ring at the periphery of the drop of water. Test the filtrate for 
boric acid as directed under 15. 

SULPHUROUS ACID. 

30 Qualitative Test^K— Official 

Add some sulphur-free asinc and several oc. of hydrochloric add to about 25 grams 
of the sample (with the addition of water, if necessary) in a 200 cc. Erlenmeyer flask. 
In the presence of sulphites, hydrogen sulphid will be generated and may be detected 
with lead acetate paper. Traces of metallic sulphids are occasionally present in vege- 
tables, and wiU give the same reaction as sulphites under the conditions of the above 
test. Positive results obtained by this method should be verified by the distillation 
method under 31. 
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It IS always advisable to make the ^uanftiUitivte detemunation of sulphites, owing to 
the danger that the test may be due to traces of sulphids. A trace is not to be considered 
sufficient indication of the presence of sulphur dioxid either as a bleaching agent or as 
a preservative. 

TOTAL SULPHOROUS ACID. 

31 Method I. {DUiilkUion Mdhod.)--Qficial. 

Distil 20-100 grams of the sample (adding recently boiled water if necessary) in a 
current of carbon dioxid, after the addition of about 5 cc. of a 20 per cent glacial phos- 
phoric add solution, untO 150 cc. have passed over. Collect the distillate in about 100 
cc. of nearly saturated bromin water, allowing the end of the condenser to dip bdow 
the surface. The method and apparatus may be simplified without material loss in 
accuracy by omitting the current of carbon dioxid, adding 10 cc. of phosphoric acid in- 
stead of 5 cc., and dropping into the distillation flask, immediately before attaching the 
condenser, a piece of sodium bicarbonate weighing not more than 1 gram. The carbon 
dioxid liberated is not sufficient to entirely expel the air from the apparatus, but wiD 
prevent oxidation to a large extent. When the distillation is finished, boil off the 
excess of bromin, dilute the solution to about 250 cc., add 5 cc. of hydrochloric acid 
(1 to 3), heat to boiling and precipitate the sulphuric acid with 10 per cent barium 
chlorid solution. Boil for a few minutes longer, allow to stand overnight in a warm 
place, filter on a weighed Gooch crucible, wash with hot water, ignite at a duU red 
heat and weigh as barium sulphate. 

32 Method II. (Direct TUraiion Method,)-Ofpcial 

In the examination of wine, fairly accurate results may be obtained by the following 
method: 

Place 25 cc. of 5.6 per cent potassium hydro!xid solution in a 200 cc. flask. Introduce 
50 cc. of the sample, mix with the potassium hydrcftdd solution and allow the mixture 
to stand for 15 minutes with occasional agitarlion. Add 10 cc. of sulphuric acid (1 to 3) 
and a few cc. of starch solution, and titrate the mixture with N/50 iodin solution. 
Introduce the iodin solution as rapidly as possible and continue the addition until the 
blue color persists for several minutes. One cc. of N/50 iodin is equivalent to 0.00064 
gram of sulphur dioxod. 

33 FREE SULPHUItOirS ACID.— OFFICIAL. 

(Especially Adapted to Wine.) 

Treat 50 cc. of the sample in a 200 cc. flaak with about 5 cc. of sulphuric acid (1 to 3), 
add about 0.5 gram of sodium carbonate to expel the air and titrate the sulphurous 
acid with N/50 iodin, as directed under 32. 

BETA-NAPHTHOL. 

34 Qualitative Test. — Tentative. 

In a separatory funnel extract 200 cc. of the sample, or. of its aqueous extcaoti prepared 
as directed under 1 (C), with 10 cc. of chlorofcxm. To the chloroform extnK^t in a test 
tube add a few drops of alcoholic potash^ and place in a boiling water bath for 2 minutes. 
The presence of beta-naphthol is indicated by the formation of a dees? blue color, which 
changes to green and then to yellow. 
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ABRA8TOL. 

35 Sinibaldi Meikod^K—Tentatwe. 

Make 50 cc. of the sample alkaline with a few drops of aaunonium hydroxid and 
extract with 10 oc. of amyl alcohol, adding ethyl afcohol if an emulsion is formed. 
Decant the amyl alcohol, filter if turbid, and evaporate to dryness. Add to the residue 
2 cc. of nitric acid (1 to 1), heat on the water bath until half of the liquid is evaporated 
and transfer to a test tube with the addition of 1 cc. of water. Add about 0.2 gram of 
ferrous sulphate and an excess of ammonium hydroxid, drop by drop, with constant 
shaking. If the resultant precipitate is of a reddish color, dissolve it in a few drops of 
sulphuric add and add ferrous sulphate and ammonium hydroxid as before. As soon 
as a dark colored or greenish precipitate is obtained, introduce 5 cc. of alcohol, dissolve 
the precipitate in sulphuric acid, shake well and filter. In the absence of abrastol this 
method gives a colorless or light yeUow liquid, while a red color is produced in the 
presence of 0.01 gram of abrastol. 

36 Sangli-Ferri^re Meihod^K—Teniaiive, 

Boil 200 cc. of the sample with 8 cc. of concentrated hydrochloric acid for an hour 
in a flask fitted with a reflux condenser. Abrastol is thus converted into betanaphthol 
and is detected as directed under 34. 

SUCROL OR DXTLCm. 

37 Morpurgo Method^*. —TerUallve. 

Evaporate about 100 oc. of the sample, or of the aqueous extract prepared as directed 
under 1 (C) and neutralized with acetic acid, to a sirupy consistency after the addition 
of about 5 grams of lead carbonate, and extract the residue several times with 90 per 
cent alcohol. Evaporate the alcoholic extract to dryness, extract the residue with 
ether and allow the eth^ to evaporate spontaneoulsy in a porcelain dish. Add 2 or 3 
drops each of phenol and concentrated sulphuric acid and heat for about 5 minutes on 
the water bath, cool, transfer to a test tube and overlay with anunonium hydroxid 
or sodium hydroxid solution with the least possible mixing. The presence of dulcin is 
indicated by the formation of a blue color at the zone of contact. 

38 Jorisien Method'^— Tentative. 

Suspend the residue from the ether extract, obtained as directed above, in about 5 
cc. of water; add 2-4 cc. of an approximately 10 per cent solution of mercuric nitrate 
and heat for 5-10 minutes on the water bath. In the presence of sucrol a violet blue 
color is formed, which is changed to a deep violet on the addition of lead peroxid. 

FORMIC ACID'*.— OFFICIAL. 

39 REAGENTS. 

(a) Sodium acetate golution. — Dissolve 50 grams of dry sodium acetate in sufficient 
water to make 100 oc. and filter. 

(b) Mercuric ehlorid reagent. — Dissolve 100 grams of mercuric chlorid and 150 grama 
of sodium chlorid in sufficient water to make 1 liter and filter. 

(C) Tartaric acid. 
(d) Barium carbonate. 
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APPARATUS. 



The apparatus required (Fig. 4) consiBto of a steam generator (5), a 300 cc. flask 
(A) in which the sample is placed, a 500 cc. flask (B), containing a suspension of barium 
carbonate, a spray trap (7), a condenser, and a 1 liter graduated flask (C). The tip of 
the tube (D), leading into (B), consists of a bulb containing a number of small holes to 
break the vapor into small bubbles. 



41 



DETBRlflNATION. 



For thin liquids like fruit juices, use 50 cc. For heavy liquids and semi-solids like 
sirups and jams, use 50 grams diluted with 50 cc. of water. Place the sample in the 
flask (A), add 1 gram of tartaric acid, and connect as shown in Fig. 4, the flask (B) 




FIG. 4. APPARATUS FOR DETERMINATION OF FORMIC ACID. 



having been charged previously with a suspension of 2 grams of barium carbonate in 
100 cc. of water. If much acetic acid is present, sufficient barium carbonate must be 
used so that at least 1 gram remains at the end of the operation. Heat the contents of 
flasks (i4) and (B) to boiling and distil with steam from the generator (S), the vapor 
passing first through the sample in flask (A), then through the boiling suspension of 
barium carbonate in (B), after which it is condensed, and measured in the graduated 
flask (C). Continue the distillation until 1 liter of distillate is collected, maintaining 
the volume of the liquids in the flasks (A) and (B) as nearly constant as possible by 
heating with small Bunsen flames, and avoiding charring of the sample in the flask 
(A). After 1 liter of distillate has been collected, disconnect the apparatus and filter 
the contents of flask (B) while hot, washing the barium carbonate with a little hot 
water. The filtrate and washings should now measure about 150 cc. If not they should 
be boiled down to that volume. Then add 10 cc. of the sodium acetate, 2 cc. of 10 per 
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cent hydrochloric acid and 25 oc. of the mercuric chlorid reagent. Mix thoroughly and 
immerse the container in a boiling water bath or steam bath for 2 hours. Then filter 
on a tared Gooch crucible, wash the precipitate thoroughly with cold water and finally 
with a little alcohol. Dry in a boiling water oven for 30 minutes, cool, weigh and 
calculate the weight of formic acid present by multiplying the weight of the precipitate 
by 0.0975. If the weight of mercurous chlorid obtained exceeds 1.5 grams, the deter- 
mination must be repeated, using more mercuric chlorid reagent or a smaller amount 
of sample. A blank test should be conducted with each new lot of reagents employed 
in the reduction, using 150 cc. of water, 1 cc. of 10 per cent barium chlorid solution, 
2 cc. of 10 per cent hydrochloric acid, 10 cc. of the sodium acetate, and 25 cc. of the 
mercuric chlorid reagent, heating the mixture In a boiling water bath or steam bath for 
2 hours. The weight of mercurous chlorid obtained in this blank test must be deducted 
from that obtained in the regular determination. 
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X. COLORING MATTERS IN FOODS.— TENTATIVE. 

(An italkmd numbor, foUoimig immediately, the name of a dVe;, is the number by 

which that dye is designated in '*A Systematic Survey of the Oi^anic 

Colouring Matters", 1904, by Arthur Green, based on the 

German of Schultz and Julins.) 

1 PIGMENTS. 

The insoluble pigments, ultramarine, lampblack, etc., are most commonly used as 
facings and may be separated by washing the sample with water and allowing the 
washings to settle. The particles of coloring matter can be identified by microscopic 
examination and by treatment of the residue or purified coloring matter with chemical 
reagents. A large proportion of the common pigments other than lakes, such as the 
yellow, brown and red ochres and umbers, are derivatives of the heavy metals and 
contain iron, manganese etc. Others, such as various green and blue compounds, 
including the green chlorophyll derivatives, contain copper. These pigments may be 
identified by the usual tests for the respective metals. The analytical properties of the 
insoluble coloring matters are described in various standard works, some of which are 
listed in the bibUography, especially **Farb8tofftabellen", by Scholtz^ 

SoLUBLB Coloring Matters and Their Lakes. 

COAL TAR DTES. 

2 Wool dyeing te»f*. 

(a) Wines, fruit Jui9€9, distilkd itfuor^, Jlacorinff ^xtrucUn vineganst betrst sirupsy non- 
aleokolic be9era§e9 and similar produslt. — ^Dilute 20-200 oc. of the sample with 1-3. 
volumes of water and boil or heat on the steam bath with a small piece of white woolen 
doth (nun's veiling). When the mixture contains much akohol, heat until mioat of the 
aloobol hm been removed; in other cases, take out the wool after 5-X5 minutes and rinse 
witli water. Then tceat the liquid with 3 or 4 drops of concentrated hydrochloric aoid 
for each 100 cc. and warm again for. 10-20 minutes with a clean piece of wool. The 
basic dyes go on the fiber best from neutnal or faintly ammoniacal solutions and, if 
present, will appear on the first piece of wool. Acid coJoirs dye, from neutral solutions 
but more readily from those containing free acid. If the wool takes up any considerable 
amount of coloring matter in either case, the presence of coal tar dyes is indicated. 
The lichen colors* (Archil, Cudbear, Litmus) go readily on wool, however, and many 
other natural colors, such as Turmeric, will dy^ tjie fiber, if present in considerable 
amount. On the other hand, a few coal tar dyes, especially Auramine O and Naphthol 
Green B, are quite unstaUe and, if present in small amounts, may give no distinct 
dyeing. Acid dye* are much more frequently need than basic dyes and in most cases 
may be removed from wool without much decompOBition by **stripping'* the latter 
with dihite ammonia^. By the action of the alkali, many natural colors are destroyed, 
while others remain for the most part on the fiber. If the beihavior with wool in neutral 
and acid solutions indicates the presence of acid dyes, rinse the colored cloth thoroughly 
with water, cover with 2 per cent ammonium hydroxid solution in a casserole, boil for 
a few minutes, r^nove the cloth and squeeze out the adhering liquid. Boil the am- 
moniacal soluti<m to remove the excess ol ammonia, <lrop in a piece of clean, wet wool, 
make distinctly but not strongly acid with hydrochloric acid and boil again. If acid 
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coal tar dyes are present, they will usually give a fairly dean, l»ight dyeing on the 
second piece of wool. A further purification may be carried out by repeating the strip- 
ping and re-dyeing, though generally accompanied by corresponding loss of dye. 

(b) Candies and similar colored sugar produeis'. — Dissolve about 20 grams of the 
sample in 100 cc. of water and treat the solution as directed under (A). When the 
coloring matter is on the surface of the candy, pour off the solution before the colorless 
inner portion has dissolved. 

(C) Jams and jellies. — Boil a mixture of 10-20 grams of the sample and 100 oc. of 
water with wool in neutral and also in acid solution as directed under (ft). For thick 
jams it is usually better, though less easy, first to extract the coloring substances by 
treating the product as directed under (d). 

(d) Canned and preserved fruits and neqtiables, sausage casings, smoked fish, coffee, 
spices, etc. — Macerate 20-200 grams of the sample with 4-5 times its weight of 80 per 
cent alcohol. After standing a few hours pour off the solvent as completely as possible 
and repeat the extraction, using 70 per cent alcohol containing about 1 per cent of 
anunonia. (1) Examine separately the filtered alcoholic extracts as directed under 
(a); or, (2) Boil the ammoniacal solution until practically neutral, complete the 
neutralization with acetic add, add the neutral 80 per cent alcohol extract, continue 
the evaporation until most of the alcohol is removed and boil with wool as directed 
under (ft). 

(e) Cocoa and chocolate products, — ^Treat cocoa as directed under (d). The alcoholic 
extract will contain a large amount of natural ccAoring matter and several dydngs and 
strippings may be necessary to get rid of this in order to show the presence of coal 
tar dyes. 

Chocolate may be treated similarly but the following procedure is preferable: Wash 
20-200 grams of the well-divided sample with gasoline on a filter until most of the fat 
has been removed; if the gasoline is colored, reserve for the examination of oil-soluble 
dyes as directed under 3. • Remove most of the adherent solvent from the residue by 
evaporation or pressure between layers of absoiiient paper and digest with alooh<4 as 
directed under (d). 

Goal tar dyes may also be detected in chocolate and cocoa products by mixing samples 
directly with 3-4 times their weight of hot water and immediately boiling the magma 
with wool, as directed under (a). Because of the presence of large amounts of fatty 
and protdn materials, this method is not very satufactory. 

(f ) Cereal products. — Proceed as directed under (d), in most cases working with a 
large amount of the sample, 200-500 grams, and a relativdy smaller amount of alcohol. 
Where tests are to be made only for the acid dyes, the extraction with neutral 80 per 
cent alcohol may be omitted advantageously. 

3 OIL-SOLUBLB DTB8*. 

Prepare an alcoholic solution of the oil-soluble dye by one of the following methods, 
which are to be applied to the oil or fat obtained by extraction with ether or gasoline 
if the nature of the substance requires it: 

(a) Shake the oil <»r mdted fat with an equal volume of 90 per cesaX alcohol. The 
alcohol after separation will contain Aniline Yellow, Butter Yellow, Aminoazotoluene 
and Auramine, if present. 

(b) Saponify 20-200 grams of the oil or fat with alcohdUc potash and, aftw removal 
of most of the alcohol on the steam bath, extract the soap with ether or gasoline. Most 
of the common dyes are removed by this treatment, though the digestion with strong 
alkali may cause some decomposition and make the extraction rather troublesome. 
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(C) Dilute 20-200 grams of the oil or melted fat with 1-2 volumes of gasoline and 
shake out successively with 2-4 per cent potassium or sodium hydroxid solution, 12-15 
per cent hydrochloric add, and phosphoric-sulphuric acid mixture, prepared by mixing 
85 per cent phosphoric acid with about 10-20 per cent by volume of concentrated 
sulphuric acid. 

The dilute alkali extracts Sudan G and Annatto. The dilute hydrochloric add ex- 
tracts Aniline Yellow (7), Aminoazotoluene, and Butter Yellow (16), the first two 
forming orange-red, the latter cherry-red solutions in this solvent. The phosphoric 
acid mixture is necessary for the extraction of Sudan I (f f ), Sudan II (49), Sudan III 
(f4J), and the homologue of the last, Sudan IV. Benzeneazobeta-naphthylamin and 
homologues also come in this group, though they readily undergo chemical changes in 
the strongly add mixtures. The procedure is not very suitable in the presence of 
Auramine but this dye is seldom found in oils. Neutralize the alkaline and dilute 
hydrochloric add solutions; dilute the phosphoric add mixture and partially neutralize, 
cooling the liquid during this operation; and extract the dyes by shaking with ether or 
gasoline. 

For the direct dyeing test use the alcoholic solution obtained as directed in (A). 
Evaporate to dryness the ether or gasoline solutions, obtained as directed in (b) and 
(C), and dissolve the residue in 10-20 cc. of strong alcohol. To the alcoholic solution 
add some strands of white silk and a little water and evaporate on the steam bath 
until the alcohol has been removed or until the dye is taken up by the silk. The dye- 
ing test is sometimes unsatisfactory, and in all cases a small portion of the alcoholic 
solution should be tested by treating with an equal volume of concentrated hydro- 
chloric add and stannous chlorid solution. The common oil-soluble coal tar dyes are 
rendered more red or blue by the acid and are decolorized by the reducing agent. Most 
of the natural coloring matters become slightly paler with the acid and are little 
changed by the stannous chlorid solution. 

SXPARATION OP COLOBIHG MATTBRS IN PUSS CONDITION BT MXANS OP 

iMMisciBLB Solvents*. 

4 PRBPARATION OP SAMPLE. 

(ft) Waier-9oluble colors. — ^Proceed as directed under 2, omitting the fixation of the 
ixAoT on wool, and obtain an aqueous solution as free as practicable from suspended 
matter, alcohol, adds, alkalies and salts. 

(b) Waier-imolubU lake$. — If the sample is in solid form, treat the well-divided 
material with sufficient water to form a paste. Liquids require no preparation except 
the removal of any alcohol which may be present. 

5 IfiZTUSBS OP ORANOB I, EKTTHROSINB. INBIOO CARIONB, AMARANTH, 

Tartrazinb, Naphthol TBixow S. Poncbav 3R and 
Light Grbbn S F TBllowish. 

The use of immisdble solvents for the separation of mixtures of coloring matters 
usually involves a systematic fractionation, since many of the dyes used do not differ 
very greatly in their solubilities in the various solvents. When it seems probable that 
only the 8 water-soluble coal tar dyes permitted under the Federal Food and Drugs Act^ 
are present, the foUowing abridged procedure may be used for their separation. For this 
procedure the concentration of the dye solution should lie preferably between 0.01 and 
0.05 per cent. The solutions obtained in the examination of colored food products 



134 METHODS OF ANALYSIS [X 

practically never require further dilution, but with connnercial food colors care must be 
taken that the concentration is not too high. Treat the sample, prepared as directed in 
4, with one-half its volume of concentrated hydrochloric acid and extract a few times 
with amyl alcohol. The use of the centrifuge is sometimes necessary to separate the 
layers. Designate the residual aqueous layer as A. Combine the amyl alcohol extracts 
and wash with 4~5 portions of N/4 hydrochloric acid or until this solvent extracts very 
tittle color. These washings will contain any Indigo Carmine, Amaranth and Taitrazine 
present, the Indigo Carmine being removed in somewhat larger proportion in the first 
washings than the other two. With ordinary concentration very tittle Ponceau will be 
removed. Designate these combined washings as B, 

6 ORANGE I AND BRTTHROSIIfE. 

Measure, if necessary, the amyl alcc^ol extract from which some of the colors have 
been removed, under 5, then (1) Dilute with an equal volume of petroleum ether or 
low boiling gasoline, and again wash several times with N/4 hydrochloric acid to ex- 
tract Ponceau 3R and Naphthol YeUow S; or, (2) Without dilution with gasoline, 
wash with 5 per cent salt solution until these two dyes are extracted. Designate these 
washings as C, The Ponceau and YeUow having been removed, the amyl alcohol, con- 
taining an equal volume of gasoline, is washed a few times with water to extract Orange 
I. This dye having been removed, shake the solution, although the latter may appear 
almost colorless, with very dilute sodium hydroxid solution to remove Erythrosine. If 
considerable Orange I is present, some of it may contaminate the washings containing 
the Ponceau 3H and Naphthol Yellow S, especiaUy when these have been separated by 
means of N/4 hydrochloric acid after the addition of gasoline. 

7 INDIGO CARMINE, AMARANTH AND TARTRAZINE. 

The presence of two or aU three of these dyes is usually indicated by the appearance 
of the N/4 hydrochloric acid washings, B, under 5. Evaporate the combined N/4 
hydrochloric acid washings to dryness to remove the excess of hydrochloric acid .and 
dissolved amyl alcohol. Dissolve the residue in water, divide the solution and identify 
the constituent colors in the portions. To a portion of the stightly acidified solution 
add a few decigrams of urea, warm and add 1 or 2 drops of sodium nitrite solution. 
Indigo Carmine is converted into the pale yellow isatin sulphonate while the other 
dyes are but tittle affected. Tbe isatin compound is not ordinarily present in sufficient 
concentration to tint the solution, but it differs from Tartrazine also in being much less 
readily extracted by amyl alcohol from strong acid solutions (less than one-half from 
4N acid). The solution now contains the Amaranth or Tartrazine, or both, practicaUy 
unaffected. Amaranth is much more quickly attacked by reducing agents than Tar- 
trazine. Treat the solution, which should be neutral or faintly acid (in the presence 
of sodium carbonate the reduction of the tartrazine takes place still' more slowly), at 
room temperature with a dilute solution of sodium hydrosulphite (Na3S204), adding 
the latter very carefully, drop by drop, and allowing sufficient time after the addition 
of each drop for the reduction to take place. When the color shows that the Amaranth 
has been destroyed completely, shake the mixture at once with air to oxidize the stight 
excess of hydrosulphite before it can react further on the Tartrazine. 

To sej>arate the Indigo Carmine heat to boiting another portion of the solution, 
which should be neutral or faintly acid, and add dilute sodium hydrosulphite solution, 
drop by drop, until aU the dyes are reduced. On shaking with air the Indigo Carmine 
is quickly re-formed. 
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8 NAPHTHOL YBIXOW S AND PONCEAU SSL. 

Treat the N/4 acid solution or the salt solution, C, under 6, as the case may be, con- 
taining the Ponceau and Naphthol Yellow S, with enough hydrochloric acid to make 
it about 2N and shake out a few times with washed ethyl acetate". Remove the Yellow 
from the combined ethyl acetate extracts by shaking with water. Naphthol Yellow S 
is almost colorless in strongly acid solutions, and its absence in washings, etc., must 
ne>-er be assumed until these have been made alkaline. Finally separate the Ponceau 
3R from the acid solution by shaking with amyl alcohol, and then wash out the dye 
from this extract with a few small portions of water. If, in the case of mixtures con- 
taining Orange I, the washings of the ethyl acetate, which should contain only Naphthol 
Yellow S, become more red upon the addition of alkalies, combine them, then (1) Make 
N/4 with hydrochloric acid and remove the contaminating Orange by shaking with 
amyl alcohol-gasoline mixture (1 to 1); or, (2) Treat the combined washings with one- 
fifth their volume of concentrated hydrochloric acid, extract the dyes by shaking once 
with amyl alcohol, and remove the Yellow by washing with several portions of 5 per 
cent salt solution. 

9 UGHT GREBN S F YELLOWISH. 

The original mixture. A, under 5, from which the above mentioned seven colors have 
been removed by adding acid and shaking out with amyl alcohol, may still contain 
Light Green S F YeUowish, which will be colorless or nearly so in the acid solution. 
To separate this dye treat the mixture with strong ammonia or potassium hydroxid 
solution until slightly alkaline, and neutralize ivith aeetic add. Any Green present 
will now be apparent by the color of the mixture. Bxtraci the color by shaking with a 
few small portions of dichlorhydrin. Wash the didUorhydrin extract with a little water, 
then dilute with several volumes of benzene or oarbon tetrachlorid, and remove the 
dye by shaking with water. 

When coal tar dyes other than the eight mentioned above are present, the sohitions 
obtained in this procedure will be found to contain a coloring matter which does not 
correspond exactly in properties to one of the dyes named above. When coal tar dyes 
other than these eight are present, reference should be made to the larger works*. 

Coal Tar Dtbs in General. 
10 basic dtbs. 

Most basic dyes may be separated from mlirtures by making alkaline with sodium 
hydroxid and shaking with ether* ^. Use the sample, prepared as in 4, fcv this purpose. 
Separate the ether layer, which may or may not be "colored, and shake with 2-5 per 
cent acetic acid, which will take up any dye present, forming a colored solution. Al- 
though the common basic colors may undergo some alteration by this treatment, it 
can be used for the qualitative detection and 'separation of Methyl Violet B (^f), 
MagenU (44^), Bismarck Brown (197), Malachite Green {^27)y and Rhodlamine B 
(504). With care Auramine (425) alao may be separated in this way, though it is quickly 
decomposed on standing in alkaline aohiUon. 

11 ACID DTBS. 

The following short proce<lure is often convenient for the examination of mixtures of 
acid dyes: Make the sample, prepared as in 4, the color concentration of which does 
not vary greatly from 0.01-0.05 per cent, strongly acid by adding one-half its volume 
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of concentrated hydrochloric add and shake with amyl alcohol. Separate the amyl 
alcohol solution and wash by shaking with successive portions of one-half its volume 
of water, reserving the portions in separate test tubes or beakers. Because of the acid 
dissolved in the amyl alcohol these washings will show a regular decrease in acidity 
and the coloring matters will appear in maximum amount in the different fractions 
according to their respective solubilities. Ponceau 6H {i08) is washed out chiefly 
while the acidity is still high, N/1 or above. Amaranth (iOT)t Brilliant Scarlet (iO€) 
and Tartrazine (P^) appear when the washings have an acidity between N/1 and 
N/4; Orange G (i4) and Soluble Blue (^0) between N/2 and N/16; Palatine Scarlet 
(55), Ponceau 2R (55) and 3R {56), Naphthol YeDow S (4), Cochineal {706), Crystal 
Ponceau {6^) and Azorubine A {103) between N/16 and N/256. When the acid is 
practically all removed, Orange I {85), Orange II {86) and Croceine Orange {13) begin 
to wash out, and less readily. Orange IV (88) and Metanil YeUow {95), Finally the 
unsulphonated coloring matters, such as Erythrosine G {516), Erythrosine {51 T) and the 
Rose Bengals {520 and 523) are removed very slowly by water or not at all when all 
traces of acid have been removed. Acid YeUow {8) and Brilliant Yellow S {89) are not 
very uniform in composition. They are partially taken up by amyl alcohol from acid 
solution and appear chiefly in the first washings. Indigo Carmine {692) behaves some- 
what similarly. 

Identification of the Coal Tar Dtbs". 

12 GBNBRAL. 

The most widely used tests for the identification of coal tar dyes refer to the changes 
produced with acids and alkalies. Other tests, based upon the behavior with reducing 
agents, followed perhaps by treatment with oxidants or by separation and identifica- 
tion of the reduction products^', and tests based upon oxidation of the dye and treat- 
ment of the oxidation products^*, are generally applicable. Spectroscopic methods are 
also used*^ 

13 COLOR CHANOB8 PAODUCBD WITH ACII>S AHD ALKALIES. 

Transfer the separated coloring matter to wool (or to silk in the case of oil-soluble 
dyes) by boiling as directed under 2 (SI) or 3. Care should be taken that the final dyeing 
is made -in a solution fairly free from foreign matter such as sugar or aromatic sub- 
stances, which, adh^Hg to the fiber, may modify the reaction. In most cases the 
amount of color available is small and should not be dyed on too large a piece of wool 
(or silk). Rinse the dyed fibre thoroughly in running water, dry, cut into small pieces 
and place separately in the depressions of a white porcelain spot plate. Moisten the 
pieces with the respective reagents employed. (For many coloring matters the hue 
upon treatment with acids or alkalies varies markedly with the concentration of the 
reagents and amount of dye present; therefore the unknown dye should be compared 
with dyeings of known colors of approximately the same dye concentration as shown 
by this appearance.) 

The table under 14 shows the color changes inroduced by concentrated hydrochloric 
and sulphuric acids, 10 per cent sodium hydroxid and 12 per cent ammonium hydroxid 
solutions on wool dyed with 0.1-0.5 per cent of the respective coloring matters. In- 
cluded also are the reactions of the oil-s<4uble colors, but these refer to dyeings on silk. 
The dyes are arranged approximately according to hue. Brown is classed with orange; 
black (gray), with violet. 
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Table 9. 

Color reactions produced on dyed fibers by various reagents. 
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Table 9. — Concluded. 
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15 SPECIAL TESTS POK COAL TAR DYES PERMITTED^ UNDER THE FEDERAL 

FOOD AND DRUGS ACT. 

The dyes, given in 5, are sufliciently characterized in most cases by the solubilities 
shown in their separation and by the color changes given by acids and alkalies on the 
dyed fiber. This is especially true with Amaranth, Tartrazine, and Orange L By 
treatment with reducing a^nts such as stannous chlorid, titanous chlorid, zinc dust or 
sodium hydrosulphite in acid splutiout Indigo Carmine, Amaranth, Tartrazine, Ponceau 
3R and Orange I are decolorized. With Indigo Carmine the color returns on shaking 
with air, most readily on warmdng* or on the addition of oxidizmg agents such as ferric 
chlorid or potassium persulphate. Excess of the reducing agents must of course be 
avoided. With the four last named dyes the color is not restored. Dilute solutions of 
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Light Green S. F. Yellowish, Naphthol Yellow S and Erythrosine become paler or 
colorless with acids so that the effects of acid reducing agents are not so readily ap- 
parent. Neutral solutions of Naphthol Yellow S are decolorized by sodium hydrosul- 
phite and other reducing agents, the color not returning with air or oxidants. An 
evanescent deepening of the shade may take place immediately upon the addition of 
the hydrosulphite. Erythrosine and Light Green S F YeUowish become paler with 
sodium hydrosulphite, the color being partially restored upon the addition of potassium 
persulphate. 

In hot solutions containing an excess of sodium tartrate, the dyes named are readily 
decolorized by titanium trichloride ^ In the case of Indigo Carmine, if the reducing 
agent has been added carefully and an excess avoided, the blue color readily returns 
on shaking with air. With Erythrosine and Light Green S F Yellowish the color is 
scarcely restored by air but oh cooling and adding potassium persulphate returns im- 
perfectly. The reduction products of the other dyes do not give colored solutions again 
on oxidation if a slight yellowish or brownish tint that may sometimes appear be dis- 
regarded. 

Indigo Carmine is extracted in small proportions from slightly acid solutions by 
shaking with dichlorhydrin. Most of the other common bluish dyes are triphenyl- 
methane derivatives and are relatively more soluble in this liquid than in the aqueous 
layer. A small portion (1 cc.) of the solution obtaineci in the separation, as described 
under 5, may be used directly. 

Ponceau 3R gives in neutral or faintly acid solutions a bluish red, flocculent precipi- 
tate with barium chlorid or acetate, practically all of the dye being removed from solu- 
tion. Some of the solution obtained in the separation, under 5, may be used in this 
test, first neutralizing the free hydrochloric acid with sodium acetate; or better, it 
may be evaporated to dryness on the steam bath to remove the acid and the residue 
taken up with a little water. The sohition should contain 0.005 per cent or more of 
the dye. / 

Naphjpol Yellow S, in solutions containing an excess of ammonia or sodium carbo- 
nate, becomes intensely rose-red on the addition of sodium hydrosulphite, the color 
gradually fading again as complete reduction takes place. 

Erythrosine differs from most of the common dyes by containing iodin. To test for 
this, acidify the solution with sulphuric acid, shake with ether, separate the ether 
solution of the color and evaporate to dryness in a {Jatinum dish after the addition of a 
few drops of sodium carbonate solution or suJQicient to form the deep red sodium salt. 
Hold the dish containing the residue in t^e Bunsen flame until organic matter is. de- 
stroyed, take up the residue with water, acidify with sulphuric acid and test for icniio 
in one of the usual ways, such as with chlorin water and carbon disulphid or tetra- 
chlorid, or with starch paste and an oxidizing agent. It is useless to test for iodin wjtfa 
very small amounts of dye but in most cases sufficient coloring matter can be separated 
from the food product to give satisfactory results. 

16 Natural Coloring Matters. 

The natural coloring matters as a class show much less tendency to dye animal fiber 
than do the common synthetic colors. In many cases the crude products used contain 
a number of colored substances and a complete separation can scarcely be attempted. 
Most of the natural coloring iqatters, in dilute solution, are sensitive to alkalies, some 
to acids, hence such reagents must be used with care. 
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8BPARATION OP NATURAL COLOKIHG MATTSRS. 

17 Extraction wUh ether from neutral toiutiant. 

From neutral solutions ether extracts Carotin, Xanthophyll (the pigments found in 
leaves, fats and oils, egg yoke, carrots, etc), the coloring matter of tomatoes and 
paprika and green Chlorophyll. The coloring matter remains in thie ether solution on 
shaking with dilute sodium hydroxid solution or dilute hydrochloric acid, no apparent 
change taking place although chemically the substances may be altered more or less by 
this treatment. 

18 Extraction with ether from acid eotutiont. 

From slightly acid solutions ether extracts very readily and completely the coloring 
matter of Alkanet, Annatto, Turmeric, and the red dyewoods, Sandalwood, Camwood 
and Barwood. It extracts in large proportions the flavone coloring matters of Fustic, 
and of Persian Berries and Quercitron (after hydrolysis), as wdl as the coloring 
matter of Brazilwood and the green derivatives formed from Chlorophyll by alkaline 
treatment. It extracts in relatively small amount the coloring matters of Logwood, 
Archil, Saffron and Cochineal. The coloring matters of this group are readily removed 
from ether by shaking with alkaline solutions but in most cases rapidly undergo chemi- 
<»1 change. 

19 ^ Extraction with amy I alcohol from acid sohUione, 

From slightly add solutions amyl alcohol extracts largely the coloring matters of 
Logwood, Archil, Saffron and Cochineal. [From ammoniacal Cochineal (Carmine) the 
ordinary coloring matter is readily re4brmed upon standing with hydrochloric acid.] 
Amyl alcohol extracts in relatively small proportions Caramel and the Anthocyans con- 
atituting the red coloring matter of the most common fruits. ^ 

IDBNTIFICATIOH OF NATURAL COLORING MATTERS. 
20 REAGENTS. 

(a) Hydrochloric acid, — Sp. gr. 1.20. 

(b) iO per cent sodium or potassium hydroxid solalion. 

(C) Sodium hydrosulphite solution. — A freshly prepared 5 per cent solution of "Blank- 
ite*', sodiun hydrosulphite (Na^«04). 

(d) 0.5 per cent ferric chlorid solution, — Freshly prepared but may be made by 
diluting a 10 per cent stock solution. 

(e) iO per cent potassium or ammonium alum solution, 

(f ) 5 per cent uranium or sodium uranium acetate solution, 
di) SuljAuric acid, — Sp. gr. 1.84. 
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PROCEDURE. 



Relatively few good tests are known for the common natural oc^ors. Some of their 
most useful analytical properties** are tabulated in 22. In general these tests should 
be applied to the somewhat purified solutions of the coloring matter obtained as indi- 
cated in 17, 18 or 19. 
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The properties of pure preparations of the various natural coloring matters are 
de8crtii>ed, for the most part, by Rupe^^, pnd by Perkin and Everest**, reference 
being made in these works to the original literature. Properties of the GhlorophyUs 
and Garotinoids are given by Willstatter and Stoll**. Those of the coloring matters 
of the Com Flower, Rose, Pelargona Flower, Larkspur, Cranberry, Whortleberry, 
Purple Grape, Cranberry Sloe, Cherry Plum, Radish Plum and Red Bieet are described 
by Willstatter and coworkers**^. 

Evaporate ether solutions to dryness, warm the residue with a little alcohol and 
dilute the alcholic solution with water. Apply the reagents as stated below. 

Hydrochloric acid, — Add concentrated acid (sp. gr. 1.20) to the solution, first 1 or 2 
drops, then a large excess, equal to 3-4 times the volume of the solution. 

Sodium hydroxid (potassium hydrozid). — Make the solution slightly alkaline by add- 
ing a drop of the 10 per cent sodium hydroxid solution. A 10 per cent solution of potas- 
sium hydroxid in methyl alcohol must he used for the '*brown phase reaction" for 
chlorophyll, described under 23, and may also be employed for the other tests. 

Sodium hydrosulphite, — Add the sodium hydrosulphite solution drop by drop. 

Ferric chlorid. — ^Add a small amount of the 0.5 peac cent ferric chlorid solution to the 
solution to be tested. The reagent must be added very carefully, a small drop at a 
time, as the colorations are not obtained in all cases when an excess is used. 

Alum, — Add to the test solution one-fifth its volume of the 10 per cent potassium or 
ammonium alum solution. 

Uranium acetate, — ^Add the 5 per cent uranium acetate solution drop by drop to the 
solution to be tested. 

Concentraied sulphuric acid on the dry color, — Evaporate a small amount of the solu- 
tion or of the coloring matter in a porcelain dish. Cool thoroughly and treat the dry 
residue with 1 or 2 drops of cold, concentrated sulphuric add. The colorations are in 
some cases extremely fugitive and may be observed only the instant the acid wets the 
residue. 
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Special Tbsts for Natural Colorihg Mattbes. 
23 chlorophyll. 

The '"brown phase reactioD*'*^ may be useful for the characterization of chlorophyll, 
when this has not been previously treated with alkalies. Treat the green ether or petro- 
leum ether solution of the coloring matter with a small amount of 10 per cent s<^ution 
of potassium hydroxid in methyl alcohol. The color becomes brown, quickly returning 
to green. 

24 ANNATTO'*. 

Pour on a moistened filter an alkaline solution of the color obtained by shaking out 
the oil or melted and filtered fat with warm, dilute sodium hydroxid solution. If Annatto 
is present, the filter paper will absorb the color so that, when washed with a gentle 
stream of water, it will remain dyed a straw color. Dry the filter and add a drc^ of 
stannous chlorid solution. If the color turns pink the presence of Annatto is confirmed. 

25 TURMSRIC. 

Garry out the highly characteristic reaction of Guicumine (Turmeric) with boric add 
as foUows: Treat the aqueous or dilute alcohoHc soluticm of the cc^or with hydrochloric 
acid until the shade just begins to appear slightly orange. Divide the mixture into two 
parts and add some boric acid powder or crystals to one portion. A marked reddening 
will be quickly apparent, best seen by comparison with the portion to which the boric 
acid has not been added. The test may also be made by dipping a piece of filter paper 
in the alcoholic solution of the coloring matter, drying at lOO^G., then moistening with 
a weak solution of boric acid to which a few drops of hydrochloric acid have been 
added. On drying again a cherry-red color will be developed. ' 

26 COCHIHBAL. 

When the presence of Gochineal is suspected, acidify the mixture with one-third its 
volume of concentrated hydrochloric add and shake with amyl alcohol. Wash the 
amyl alcohol solution of the coloring matter 2-4 times with equal volumes of water to 
remove hydrochloric add, etc. Dflute the amyl alcohol with 1-2 volumes of gasoline 
and shake with a few small pcntions of water to remove the color. Separate the sohi- 
tion into 2 portions. To the first add, drop by drop, 5 peac cent uranium acetat« s<^ution, 
shaking thoroughly after each addition. In the presence of Gochineal a characteristic 
emerald-green color is produced**. The green coloration with uranium salts is not devel- 
oped in the presence of much free add. Therefore add a little sodium acetate before 
making this test or a correspondingly large amount of uranium acetate must be added. 
To the second portion add a drop or so of ammonium hydroxid, and, in the presence 
of Gochineal, a violet coloration results. This, however, is not so characteristic as the 
first test and many fruit colors give tests hardly to be distinguished. 

As Gochineal lakes very often contain tin, further examination for this metal should 
always be made when water-insoluble Gochineal compounds appear to be present. 
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XI. METALS IN FOODS. 

ARSENIC i.—TEWTATIVE. 

1 REAGENTS. 

(SI) Nitric and sulphuric acids, arsenic-free, — Specific gravities 1.42 and 1.84 re- 
spectively. 

(b) Sulphuric acid, arsenic-free (i to2), 

(C) Zinc, arsenic-free. — Stick zinc broken into pieces approximately 1 cm. in length. 

(d) Lead acetate paper, — Heavy filter paper soaked in 20 per cent lead acetate 
solution, dried and cut into pieces about 4.5 by 16 cm. 

(6) Lead acetate cotton, — ^Absorbent cotton soaked in 5 per cent lead acetate solution. 

(f ) Mercuric hromid paper. — Cut heavy, close-textured drafting paper (similar to 
Whatman's cold pressed) into strips exactly 2.5 mm. wide and about 12 cm. long. 
SoaJL for an hour in a 5 per cent solution of mercuric bromid in 95 per cent alcohol, 
squeeze out the excess of solution and dry on glass rods. Cut off the ends of the strips 
before using. 

(£) Potassium iodid solution. — Containing 20 grams of potassium iodid per 100 cc. 

(h) stannous chhrid solution. — Forty grams of stannous chlorid crystals made up to 
100 cc. with concentrated hydrochloric acid. 

(i) Standard arsenic solution. — Dissolve 1 gram of arsenious oxid in 25 cc. of 20 per 
cent sodium hydroxid solution, neutralize with dilute sulphuric acid, add 10 cc. of the 
concentrated sulphuric acid and dilute to 1 liter with recently boiled water. One cc. 
of this solution contains 1 mg. of arsenious oxid (AsjOs). 

Dilute 20 cc. of this solution to 1 liter. Fifty cc. of the latter solution when diluted 
to 1 liter give a dilute standard solution containing 0.001 mg. of arsenious oxid (AsiOs) 
per cc. which is used to prepare the standard stains. The dilute solutions must be pre- 
pared immediately before use. 

2 APPARATUS. 

Use a 2 ounce wide-mouthed bottle as a generator. Fit this by means of a perforated 
rubber stopper with a glass tube, 1 cm. in diameter and 6 cm. long, containing a piece 
of the lead acetate paper rolled into a cylinder. Connect this tube by means of a per- 
forated rubber stopper with a similar tube filled with the lead acetate cotton, squeezed 
to remove excess of the solution. The cotton in all tubes used should be uniformly 
moist to obtain comparative stains. Connect the second tube by means of a perforated 
rubber stopper with a narrow glass tube, 3 mm. in internal diameter and 12 cm. long, 
containing a strip of the mercuric bromid paper. (Sec Fig. 5.) Rubber stoppers used 
for connections must be free from any white coating. 

3 PREPARATION OF SOLUTION. 

Weigh 5-50 grams of the finely divided and well-mixed sample into a porcelain 
casserole, the amount selected depending upon the character of the material and the 
ease with which it is oxidized. With dry, higlily nitrogenous substances employ 5 
grams; pulped vegetables, 25 grams, liquids with low solid content like beer or vinegar, 
50 grams. Add 10-15 cc. of the nitric acid, cover the casserole by setting a watch glass 
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inside the rim, convex side upward, heat until vigorous action is over, cool and add 10 
cc. of the concentrated sulphuric acid. Heat on a wire gauze over a flame until the 
mixture turns dark brown or black, then add more nitric acid in 5 cc. portions, heating 
after each addition until the liquid remains colorless or yellow when evaporated until 
sulphur trixod fumes are evolved. To remove completdy all nitric or nitrous acid. 



^# 



FIG. 5. APPARATUS FOR THE DETERMINATION OF ARSENIC. 

evaporate to about 5 cc., cool, dilute with 10-15 cc. of water and again evaporate 
until white fumes are evolved. Cool, dilute with water, again cool and make up with 
water to a definite volume (usually 25-100 cc., depending upon the amount of sample 
taken and its arsenic content). 



DETERMINATION. 



Introduce 20 cc. of the solution (or, if the amount of arsenic is large, an aliquot ooo> 
taining not more than 0.03 mg. of AsiO ) , prepared as directed under 3, into the generator 
of the apparatus described in 2 and add 20 oc. of the dilute sulphuric acid. If the total 
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volume 18 less than 40 oc., dilute to that volume with water and add 4 cc. of the 20 per 
cent potaasium iodid solution. Heat to about 90°G., add 3 drops of the stannous chlorid 
solution and heat for 10 minutes. Cool the generator and its contents in a pan contain- 
ing water and ice; when cold add about 15 grams of the stick zinc and connect the 
entire apparatus as described in 2. Keep the bottles in ice water for 15 minutes, then 
remove (rom the bath and allow the evolution of gas to proceed for an hour longer. 
Remove the sensitized paper and compare the stain with similar ones produced under 
like conditions with known amounts of arsenic, using portions of the standard arsenic 
solution, containing 0.001, 0.002, 0.005, 0.010, 0.015, 0.025 and 0.030 mg. of arsenious 
oxid (AstO.Of and adding such quantities of water and sulphuric acid that the same 
volume and acid strength are maintained as above. 

Conduct a blank test on the reagents alone and correct the result for any arsenic so 
found. The blank should not exceed 0.001 mg. 

TIN*. 
5 Graoimetrie Mdhod-Teniative. 

Weigh 50-100 grams of the sample (depending upon the amount of dry substance 
present and the relative ease with which the organic matter is oxidized) into an 800 
cc. Rjeldahl flask and add 100 cc. of concentrated nitric acid. Allow to stand overnight 
(this procedure being preferred if much fat or sugar is present) or else place the flask 
on a wire gauze over a free flame and heat until the contents boil quietly. Add 25-50 
cc. of concentrated sulphuric acid (depending upon the amount of dry substance present 
in the sample), and heat until white fumes are generated, cool somewhat, then add 
5-10 cc. of concentrated nitric acid and continue heating as before. Repeat the addi- 
tion of nitric acid until the solution remains clear after boiling off the nitric acid and 
fumes of sulphur trioxid appear. 

Add 200 cc. of water to the digested sample, prepared as directed above, and pour 
into a 600 cc. beaker. Rinse out the Kjeldahl flask with three portions of boiling water 
so that the total volume of the solution is about 400 cc. Cool, add concentrated am- 
monia until jUst alkaline and then hydrochloric or sulphuric acid until the acidity is 
about 2 per cent. Place the beaker, covered, on a hot plate, heat to about 05*^0. and 
pass in a slow stream of hydrogen sulphid for another hour. Digest on the hot plate for 
an hour and nUow to stand 1-2 hours longer. 

Filter the tin sulphid on an 1 1 cm. filter, similar in quality to No. 500, white ribbon, 
S. & S. Wash alternately with three portions each of wash solution (100 cc of saturated 
ammonium acetate so ution, 50 cc. of glacial acetic acid and 850 re. of water) and 
hot water. Digest the filter and precipitate in a 50 cc. beaker with three successive 
portions of ammonium polysulphid, heat to boiling each t.'me and filter through a 9 
cm. filter. Wash the precipitate on the filter with hot water. Acidify the filtrate with 
acetic acid, digest on a hot plate for an hour, allow to stand overnight and filter 
through a double 11 cm. filter. Wash alternately with two portions each of the wash 
solution and hot water and dry thoroughly in a weighed porcelain crucible. Ignite 
over a Bunsen flame, very gently at first and later at full heat. The crucible, partly 
covered, is then heated strongly with a large Bunsen or Meker burner. Stannic sulphid 
must be roasted gently to the oxid, which may be heated strongly without loss by 
volatilization. Weigh as stannic oxid and calculate to metallic tin. using the factor 
0.7881. 
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Volumelrui Method*.— T€rUaii9e. 

6 REAGENTS. 

(a) Air-free wash solution. — Dissolve 20 grams of sodium bicarbonate in 2 liters of 
boiled water and add 40 cc. of concentrated hydrochloric acid. This solution should be 
freshly prepared. 

(b) N/iOO iodin. — The solution must be standardized frequently against (d), con- 
taining asbestos, and treated as described in 7, omitting the precipitation and boiling 
with hydrochloric acid and potassium chlorate. To obtain exact results the tin solution 
used for standardization should contain about the same amount of tin as is found in 
the sample under examination. 

(C) N/100 sodium thiosulphate. 

(d) Standard tin solution. — Dissolve 1 gram of tin in about 500 cc. of concentrated 
hydrochloric acid. Make up to 1 liter with water. One cc. contains 1 mg» of tin. 

(e) Sheet aluminium. — ^Use sheet aluminium, about 30 gauge, free from tin. 

7 DETERMINATION. 

Proceed as directed under 5 to '^Digest on the hot plate for an hour and allow to 
stand 1-2 hours longer.** 

Filter the precipitate of tin sulphid upon asbestos in a Gooch crucible with a detach- 
able bottom, using suction. Wash the precipitate a few times and then transfer the 
detachable bottom, asbestos pad, and tin precipitate to a 300 cc. Erlenmeyer flask. 
Remove all traces of the precipitate from the inside of the crucible by means of a jet 
of hot water and a policeman, using a minimum amount of water for washing. 

Add to the flask 100 cc. of concentrated hydrochloric acid and 0.5 gram of potasKiuni 
chlorate. Boil for about 15 minutes, making about 4 more additions of smaller amounts 
of potassium chlorate as chlorin is boiled out of the solution. Wash the particles of 
potassium chlorate down from the neck of the flask with water and finally boil to 
remove chlorin. Then add about 1 gram of the sheet aluminium to dispel the last Unces 
of chlorin. 

Attach the flasks, in duplicate, as described below, to a large carbon dioxid generator. 
Pass the carbon dioxid through a scrubber containing water and then divide into two 
streams by means of a Y-tube, each stream of carbon dioxid entexing one of the flasks 
by means of a long rubber tube coimected with a bulbed tube, passed through the 
rubber stopper of the flask and having its lower end near the surface of the liquid in 
the flask. The carbon dixoid leaves the flask by a second bulbed tube, the opening of 
which is near the top of the flask. This glass tube is connected by a long rubber tube 
to a second glass tube about 10 inches long which is immersed in a cylinder containing 
water. This gives a water-seal to tlie delivery tube and a pressure against which the 
current of carbon dioxid must work. It also restrains any strong flow of gas when not 
desired and permits a gas pressure in the Erlenmeyer flask. 

After the flasks are connected, raise the tubes in the water-seal cylinders so that 
the generator has practically no pressure to overcome. Allow the carbon dioxid to run 
for a few minutes. Drop the tubes to the bottom of the cylinders, creating pressure in 
the flasks. Lift the rubber stoppers of the flasks alternately about a dozen times, in 
order to force out any air remcuning in the flasks. Slightly raise the stopper on one 
of the flasks and quickly drop about 2 grains of sheet aluminium into the flask. The 
aluminium should be folded into a strip about 1 cm. wide and slightly bent so as to 
prevent it striking directly on the bottom of the flask. After the aluminium has entire!) 



XI] METAUB IN FOO0S 151 

dissolved, raise the tubes in the water-seal cylinders so as to allow carbon dioxid to 
pass through, plaoe the flasks upon hot plates, and heat to boiling. After boiling for a 
few minutes, remove the flasks from the hot plates and cool in ice water (or cold run- 
ning water), still maintaining within them an atmosphere of carbon dioxid. Lower the 
tubes in the cylinder. When cool, disconnect the flasks one at a time, putting a glass 
plug into the tube through which the carbon dioxid enters. Wash the tubes, rubber 
stopper and sides of the flask with the air-free wash solution, add starch paste and 
titrate at once with the N/100 iodin. 

If it is desired to titrate by the excess method, run an excess of the N/100 iodin 
into the flask while it is still connected with the carbon dioxid stream. Then wash 
out the tubes and titrate the excess of iodin with the N/100 sodium thiosulphate. 

The rubber connections should be washed with water after each determination. 

8 COPPER.— TENTATIVE. 

Destroy organic matter as directed under 5. Concentrate the sulphuric acid residue, 
by continued digestion, to a volume of 10-15 cc, cool, dilute with a little water, transfer 
to a 400 cc. beaker, rinse the Kjeldahl flask with water, adding the rinsings to the 
contents of the beaker, dilute to about 200 cc. and boil, to expel nitrous fumes. Cool, 
render the solution slightly alkaline with ammonium hydroxid and boil to expel the 
excess of ammonia. Add 5 cc. of concentrated hydrochloric acid for each 100 cc. of solu- 
tion, heat to incipient boiling and saturate the solution with hydrogen sulphid. Allow 
to stand on a steam bath for a few minutes until the sulphid flocculates, filter and wash 
the precipitate with hydrogen sulphid water. Protect the precipitate from contact 
with air as much as possible, use only hydrogen sulphid water for washing and carry 
out this operation without interruption. Reserve the filtrate for the determination of 
zinc, if necessary. Place the filter containing the copper sulphid precipitate in a small 
flask, add 4-5 cc. of concentrated sulphuric acid and the scone amount of nitric acid 
and heat until white fumes appear. Continue the oxidation, adding a little nitric acid 
from time to time, until the liquid remains colorless upon beating to the appearance 
of white fumes. Cool, dilute with about 30 cc. of water, add an excess of bromin water 
and boil until aU bromin is expelled. Determine the copper as directed under VII, 28, 
u.sing N/100 sodium thiosulphate for the titration. 

9 ZmC— TENTATIVE. 

Proceed as directed under 8 to the point indicated by the sentence "Reserv^e the filtrate 
for the determination of zinc, if necessary". Bofl the filtrate, containing the zinc, to 
expel hydrogen sulphid and to reduce the volume to about 250-300 cc., add a drop of 
methyl orange and 5 grams of ammonium chlorid and make alkaline with ammonium 
hydroxid. Add dilute hydrochloric acid, drop by drop, until the reaction is faintly 
acid, then add 10-15 cc. of 50 per cent sodium or ammonium acetate solution and 
pass in hydrogen sulphid for a few minutes until precipitation is complete. Allow the 
precipitate to settle, filter, refilter, if necessary, until the filtrate is clear and wash the 
precipitate twice mth hydrogen sulphid water. Dissolve the precipitate on the filter 
with a little hydrochloric acid (1 to 3), wash the filter with water, boil the filtrate and 
washings to expel hydrogen sulphid, cool and add a distinct excess of bromin water. 
Then add 5 grams of ammonium chlorid and ammonium hydroxid until the color, 
caused by free bromin, disappears. Add hydrochloric acid (1 to 3), drop by drop, 
until the bromin color just reappears, then add 10-15 cc. of sodium or ammonium 
acetate solution (50 per cent by weight) and 0.5 cc. of ferric chlorid solution (10 grams 
per 1(X) cc.), or enough to precipitate all the phosphates. Boil until all the iron is pre- 
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cipitated. Filter while hot and wash the precipitate with water oontaining a little 
sodium acetate. Pass hydrogen sulphid into the combined filtrate and waahingB until 
all the zinc sulphid, which should be pure white, is precipitated, filter upon a tared 
Gooch crucible and wash with hydrogen sulphid water, containing a little ammonium 
nitrate. Dry the crucible and its contents in an oven, ignite at a bright red heat, cool 
and weigh as zinc oxid. Calculate the weight of metallic zinc, using the factor 0.8034. 

BIBLIOGRAPHY. 

» U. S. Bur. Chem. Circ. 102; J. Soc. Chem. Ind.. 1907, 26: 1115. 

« J. A. O. A. C, 1915, 1: 257. 

' Original Communications Eighth Intern. Cong. Appl. Chem., 1912, 18: 35. 



Xn. FRUITS AND FRUIT PRODUCTS. 

1 PRBPARATION OF SAMPLE.— OFFICIAL. 

All samples received in open packages (i. e., not in sterile condition) must be trans- 
ferred without delay to glass-stoppered containers and kept in a cool place. The deter- 
mination of alcohol, total and volatile acids, solids and sugars, particularly in the 
case of fruit juices and fresh fruits, should be made at once, as fermentation is liable 
to begin very soon. Portions for the determination of sucrose and reducing sugar 
oaay be weighed and, after adding a slight excess of neutral lead acetate solution, 
kept without fermenting for several days if desired. The various products are prepared 
as directed below: 

(a) Juices. — Mix thoroughly by shaking to insure uniformity in sampling. Remove 
any extraneous matt4>r by decantation or by filtering through muslin. Fresh juices may 
be prepared by pressing the well-pulped fruit in a jeQy bag and filtering through muslin. 
In case of citrus fruit express the juice by means of one of the common devices for 
squeezing oranges or lemons, using the entire fruit for this purpose, and strain the 
expressed juice through muslin. 

(b) Jellies and sirups, — Mix thoroughly to insure uniformity in sampling. Weigh 
60 grams into a 300 cc. flask, add water, dissolve by firequent shaking, then make up 
to the mark with water and use aliquots for the various determinations. If the jelly 
contains starch or other inscduble material, mix thoroughly before taking the aliquots. 

(C) Fresh and dried fruils. — Pulp the whole, well-cleaned fruit in a large mortar or 
by means of a food chopper and mix thoroughly. In the case of stone fruits, remove 
the pits and determine their proportion in a weighed sample. 

(d) Jams, marmalades, preserves and canned fruits, — Pulp thoroughly the entire 
contents of the jar or can, as directed under (C); remove the pits from stone fruits 
and, if desired, determine their proportion in a weighed sample. In the examination 
of canned fruits it is often sufficient merely to examine the sirups in which the fruits 
are preserved. In such cases the liquor may be separated and treated as prescribed for 
juices. 

2 ALCOHOL.— OFFICIAL. 

Determine alcohol in 50 grams of the original material as directed under YIII, 28. 

3 TOTAL SOLn>S.~OFFICIAL. 

(a) Juices, jellies and sirups containing no insoluble matter. — ^Proceed as directed under 
VIII, 3, 5, 7 or 9, employing the sample prepared as directed in 1 (a) or (b). 

(b) Fresh and dried fruits, jams, marmalades, preserves, canned foods and oilier prod- 
ucts eoniaining insoluble mailer. — Weigh about 20 grams of pulped fresh fruit, or such 
an amount of fruit products as will give not more than S-4 grams of dried material; 
if necessary to secure a thin layi^ of the material, add a few cc. of water, mix thoroughly 
and dry as directed under VIII, 3 or 4. 

It is to be noted that certain State and Federal regulations require the moisture in 
dried apples to be determined b> drying for 4 hours at the temperature of boiling water. 
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INSOLUBLB SOLIDS. 

4 Direct Method.— Official 

Transfer 50 grams of the sample to a mortar by means <^ warm water and macerate 
thoroughly; then transfer to a muslin filter and wash thoroughly with about 500 cc. 
of warm water, stirring the pulp thoroughly on each addition of water. This amount 
of water is usually sufficient to remove all soluble material. In extreme cases increase 
the washings to 1 liter. Transfer the insoluble residue to an evaporating dish, dry and 
weigh. If it is desired to determine the alcohol precipitate, 18, cool the filtrate, make 
up to a definite volume and reserve for this determination. 

5 Indirect Method. — Official. 

Transfer 25 grams of the fruit product to a 250-500 cc. graduated flask, the size of 
the flask depending upon the volume of insoluble matter present, add water, shake 
thoroughly and make up to volume. Allow to settle and cither filter or decant the 
supernatant liquid. Determine the soluble solids in an aliquot, as directed under 3 (£1). 
The fruit must be macerated thoroughly; the use of a mechanical shaker is advisable. 
The percentage of insoluble solids is the difference between the percentage of the total 
solids and the percentage of soluble solids. 

6 TOTAL ASH.— OFHCIAL. 

Determine the ash as directed under YII, 4, using 50 c>c. of the solution of the jelly 
or diluted sirup, 1 (b), evaporated to dryness, or 25 grams of juice or of fresh or canned 
fruit, or 10 grams of jam, marmalade, preserves or dried fruit. 

7 ALKAUNITY OF THS ASH.— OFFICIAL. 

Into the platinum dish containing the ash introduce a measured excess of N/5 nitric 
acid, heat to boiling, cool and add a few drops of methyl orange. Carefully rub up the 
ash with a rubber-tipped stirring rod and titrate the excess of acid with N/10 potassiiun 
or sodium hydroxid. Express the result as the number of cc. of N/10 acid required to 
neutralize the ash from 100 grams of the sample. 

8 SUIPHATBS AlID CHLORIDS.— OFFICIAL. 

Wash the solution of the ash, obtained in 7, into a 50 cc. flask and make up to the 
mark with water. Evaporate 25 cc. of tins solution to dryness several times with con- 
centrated hydrochloric acid, take up the final residue in a smaU amount of hot water, 
filter, wash the paper with hot water, acidify the filtrate with a few drops of hydro- 
chloric acid and determine the sulphates by precipitation with barium chlorid solution. 
From the weight of barium sulphate calculate the sulphates present as per cent of 
potassium sulphate, using the factor 0.7465. 

In the other portion of the solution determine the chlorids as directed under II, 17. 
The nitric ac^id added before making the titration will, if it contain enough nitrous 
oxid, completely destroy the red color of the methyl orange and leave a clear solution 
for the titration. Calculate the chlorids as per cent of sodium chlorid. 

9 TOTAL ACIDITY.— OFFICIAL. 

Dilute 25 cc. of the solution of jelly or diluted sirup, 1 (b), or 10 grams of juice or 
fresh fruit with recently boiled water to about 250 cc., or less if the sample be not 
highly colored; titrate the acid with N/10 alkali, using phenolphthalein as an indicator. 
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In the case of highly colored products employ azoKtmin solution or phenolphthalein 
powder [XY, (23)] on a spot plate instead of phenolphthalein solution. Calculate the 
results as malic, citric or tartaric acid, specifying the acid used and expressing the 
results in per cent or grams per 100 cc. 

10 VOLATILB ACIDS.-OFFICIAL. 

Dissolve 10 grams of the sample, dilute to 25 cc. and distil in a current of steam, 
as directed under XY, 25. Each cc. of N/10 alkali is equivalent to 0.0060 gram of 
acetic acid. 

11 FRSB MINBRAL ACIDS.— TENTATIVE. 
Proceed as directed under XYTII, 26, 27 or 28. 

12 PROTEIN.— OFFICIAL. 

Proceed as directed under I, 18, 21 or 23, using 5 grams of jelly or other fruit product 
containing a large amount of sugar, or 10 grams of juice or fresh fruit and a larger 
quantity of the sulphuric add if necessary for complete digestion. Multiply the per- 
centage of nitrogen by 6.25 to obtain the percentage of protein. 

SUCROSE* 

13 By Polarization — OfficiaL 

Determine by polarizing before and after inversion, as directed under Y III, 19 or 20. 

14 By Reducing Sugars Before and After Inversion. — Official. 
Proceed as directed under YII, 18. 

15 REDUCING SUGARS.— OFFICIAL. 

Proceed as directed under YII, 25. expressing the results as invert sugar. 

16 COMMERCIAL GLUC08B.--0FFICIAL. 
Proceed as directed under YIII, 22. 

17 DEXTRIN.— TENTATIVE. 

Dissolve 10 grams of the sample in a 100 cc. flask, add 20 mg. of potassium iluorid, 
and then about one-fourth of a cake of compressed yeast. Allow the fermentation to 
proceed below 25**G. for 2-3 hours to prevent excessive foaming, and then incubate at 
27®-30*'C for 5 days. At the end of that time, clarify with basic lead acetate solution 
and alumina cream, make up to 100 cc. and polarize in a 200 mm. tube. A pure fruit 
jelly will show a dextro or laevo rotation of not more than a few tenths of a degree. 
If a polariscope having the Ventzke scale be used and a 10 per cent solution polarized 
in a 200 mm. tube, the number of degrees read on the sugar scale of the instrument, 
multiplied by 0.8755, wiU give the percentage of dextrin, or the following formula may 
be used: 

Percentage of dextrin = :; —■ in which 

^ 198 X L X W 

C = degrees of circular rotation; 

L » length of tube in decimeters; 

W « weight of sample in 1 cc. 
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18 ALCOHOL PRlCIPITATB.~OflICIAL. 

Evaporate 100 cc. of a 20 per cent solution of jelly or dfluted fdrup, 1 (b), or of the 
washings from the determination of insoluble solids, 4, to 20 cc.; add slowly, with 
constant stirring, 200 cc. of 05 per cent alcohol by volume and allow the mixture to 
stand overnight. Filter and wash with 80 per cent alcohol by volume. Wash the pre- 
cipitate from the filter paper with hot water into a (datinum dish; evaporate to dryness; 
dry at 100*^0. for several hours and weigh; then bum off the organic matter and weigh 
the residue as ash. Designate the loss in weight upon ignition as the alcohol precipitate. 

The ash should be chiefly lime and not more than 5 per cent of the total weight of the 
alcohol precipitate. If it is greater than this, some of the salts of the organic acids 
have been brought down. Titrate the water-soluble portion of this ash with N/10 
acid, as any potassium bitartrate precipitated by the alcohol can thus be estimated. 

STARCH. 

19 QualUatne Test— Official. 

Dilute a portion of the sample with water, heat nearly to boiling, add several oc. of 
dilute sulphuric acid and then add potassium permanganate solution until all cc^or 
is destroyed. Cool and test with iodin solution. The presence <^ starch is not necessarily 
an indication of its addition as an adulterant. It is usually present in small amount 
in the apple, and occasionally in other fruits, and unless it is found in the fruit product 
in considerable amount its presence may be due to these natural sources. 

OBLATDfi. 

20 Qualitative Test,— Tentative, 

The presence of gelatin in jellies and jams is shown by the increased content of 
nitrogen. Precipitate a concentrated solution of jelly or jam with 10 volumes of abscJute 
alcohol and determine nitrogen in the dried precipitate as directed under I, 18, 21 
or 23. 

AGAR AGAR. 

21 Detection by Microfeopie Ezaminatum,^^-Teniaiioe. 

Heat the jelly with 5 per cent sulphuric acid, add a crystal of potassium permanganate 
and allow to settle. If agar agar is present the sediment will be rich in diatoms, which 
can be detected by the use of the microscope. 

22 Detection by Precipitation*. — Tentative. 

Cover 30 grams of the jam or jelly with 270 cc. of hot water, stir until thoroughly 
disintegrated and boil for 3 minutes. Filter immediately, while still boiling hot, through 
a filter paper of texture similar to No. 597, S. & S. In the presence of agar agar a pre- 
cipitate will form upon standing not longer than 24 hours. Filter, wash with cold 
water and dissolve from the paper by means of a very small amount of boiling water. 
Upon chilling this hot water solution a firm jelly wiU be formed that can be examined 
by the touch. This method wiU detect 0.2 per cent <^ agar agar with certainty if the 
proportions of jam or jelly and water are strictly observed. 

TARTARIC ACm.— TBNTATIVB. 
23 PREPARATION OF SOLUTION. 

Filter fruit juices and employ the filtrate directly. In the case of jellies filter the 
solution, prepared as directed under 1 (b), and employ the filtrate. In the case of sirups 
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or substances containing insoluble matter like pulped fruit, jams, marmalades, etc., 
weigb 50*-100 grams, the amount selected being dependent upon the content of solids, 
of the sample, prepared as directed in 1 (C) or (d). Introduce into a 200 cr. graduated 
flask, make up to the mark with water, allow to stand for an hour, shake at frequent 
intervals, filter through a dry paper and use the filtrate. 



24 



DETERMINATION. 



Determine the tartaric acid in 100 cc. of fruit juice or the same amount of a solution 
of the sample, prepared as directed under 23, employing the method given under XV, 
27, except that 20 cc. of alcohol are used in the precipitation instead of 15 cc. 

MiOIC ACID. 
25 Method I*.—Teniali9e, 

(For fruit juices and similar products containing no tartaric acid and not over 
15 per cent of sugars and in which the color does not interfere 

with polarization.) 

Filter the sample, if necessary to secure a solution which can be readily polarized, 
and polarize with white light, using a 200 mm. tube if possible. 

If the sample contains free mineral add, transfer a measured portion (75 cc. is a 
convenient volume) to a 1(X) cc. graduated flask, add enough standard alkaU, calculate 
from the acidity as determined in 9, to neutralize the total acidity, dilute to the mark, 
mix weU and filtler. If no free mineral acids are present, it is unnecessary to neutra- 
lize the sample. If neutralized, proper correction must be made for dilution in making 
the final calculation. 

Transfer 25 cc. of the sample, or of the neutralized solution, to a flask graduated at 25 
and 27.5 cc., add about 2.5 grams of powdered uranyl acetate and shake vigorously 
at frequent intervals for 3 hours, keeping the mixture well protected from light. If all 
of the uranyl acetate dissolves, add more so that a small amount remains undissolved 
at the end of 3 hours. Dilute the solution to the 27.5 cc. mark with saturated uranyl 
acetate solution, mix well and filter, if necessary, through a folded filter. Polarize, if 
possible, in a 2(X) mm. tube. If the solution is too dark to polarize in a 2(X) mm. tube, 
a 100 or 50 mm. tube may be used. Multiply the reading by 1.1 to correct for the 
dilution. 

Multiply the algebraic difference in degrees Ventzke between the two readings 
calculated to the basis of a 200 mm. tube by the factor 0.036 to obtain the weight of 
malic acid in the sample in grams per 100 cc. 

Make all polarizations at the same room temperature with white light. Make at 
least six readings in each case and take an average of these. 

In the case of dark colored fruit juices which can not be polarized readily, approxi- 
mately quantitative results may be obtained by adding to the solutions a few drops of 
Ivomin, shaking thoroughly and filtering just before penalization. 

Method II,—Teniaiioe, 

(Approximate determination for fruit juices and similar products containing no 
tartaric add and more than 15 per cent of sugars.) 

26 PREPARATION OF SOLUTION*. 

Weigh out 25 grains of the sample and transfer to a 6(X) cc. beaker with a little 95 
per cent alcoliol by volume. Add alcohol a little at a lime until 200 cc. have been added. 
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stirring the mixture weU, and wanning, if necessary* to insure solution oi all alcohol- 
soluble substances. Filter on a BUchner funnel, using suction, and thoroughly wash 
the precipitated pectins and insoluble matter with 05 per cent alcohol, disregarding 
any slight turbidity which may appear in the filtrate after the washings have been 
added. From 9, calculate the amount of N/4 barium hydroxid required nearly to 
neutralize the acidity in the 25 grams of sample taken. To the combined filtrate and 
washings in an Erlenmeyer flask add the calculated quantity of barium hydroxid 
solution, stir until reaction is complete and then add 3-5 drops, or more if required, 
of 50 per cent barium acetate solution to insure an excess of barium. Make up the 
volume of the mixture to about 375 cc. (not less) with alcohol, and reflux until the 
precipitate settles readily after being shaken. This may require 3-4 hours. Filter 
with suction and thoroughly wash the precipitate in the flask and on the paper with 
95 per cent alcohol by volume. Transfer the portion on the filter to the original flask, 
rinsing the paper with a jet of hot water. Digest the precipitate with hot water, con- 
taining 2 grams of sodium sulphate in solution, until the reaction is complete, and 
boil until the barium sulphate precipitate settles readily. Concentrate by evaporation, 
if necessary, and transfer to a 100 cc. volumetric flask with a little hot water, cool, 
make up to volume with water and filter. 
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DETERMINATION. 



Transfer 25 cc. of the filtrate, obtained in 26, to a flask graduated at 25 and 27.5 cc, 
add about 2.5 grams of pulverized uranyl acetate and shake vigorously at frequent 
intervals for 3 hours, keeping the solution well protected from light. If afl the uranyl 
acetate dissolves, add more so that a small amount remains undissolved at the end 
of 3 hours. Dilute the solution to the 27.5 cc. mark with saturated uranyl acetate 
solution, mix weU, filter if necessary, and polarize in a 200 mm. tube, using the same 
precautions as described in 25. Multiply the reading, calculate to the basis of a 200 
mm. tube, by 1.1 to correct for dilution. 

Polarize another portion of the filtrate, obtained in 26, which has not been treated 
with uranyl acetate. Multiply the algebraic difference in degrees Ventzke between 
the two readings, calculated to the basis of a 200 mm. tube, by the factor 0.036 to obtain 
the weight of malic acid in grams per 100 cc. in the solution as obtained in 26. 

Method III. — Tentative, 
(Approximate determination for products oontaining tartaric acid). 

28 PREPARATION OF SOLUTION*. 

Prepare the sample as directed under 26 up to the point of filtration and washing 
of the barium malate precipitate, then dry the precipitate thoroughly and transfer the 
portion on the filter to the original flask, rinsing the paper with a jet of hot water. 
Digest the precipitate with hot water, transfer to a 100 cc. volumetric flask with a 
little hot water, cool, make up to volume with water and filter to remove insoluble 
barium tartrate. This amount of water is sufficient to dissolve barium malate up to 
amounts as large as approximately 0.9 gram. More than 100 cc. of water must be used 
when more than 0.9 gram of barium malate is present. The amount of barium tartrate 
dissolved by hot water is so small as to affei;t only .slightly the polarization after treat- 
ment with uranyl acetate. 

29 DETERMINATION. 

Proceed as directed under 27, using the solution prepared as directed under 28. 
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CmaC ACID'.— TBIITATIVB. 
(Applicable in the preeeoce of sugar and malic and tartaric acids.) 

30 REAGENTS. 

(a) Barium hydroxid soluiion, — Approximately N/4. 

(b) Barium acetate fo/uiion.— Dissolve 50 grams of barium acetate in water and 
dilute to 100 cc. 

(C) Sulphuric acid (1 to i) and (1 to 5). 

(d) Poiassium or sodium bromid solution. — Dissolve 15 grams of potassium bromid 
in 40 cc. of water or 16 grams of sodium faromid in 50 cc. of water. 

(e) Potassium permanffcmate solution. — Dissolve 5 grams of potassium permanganate 
in water and dilute to 100 cc. 

(f ) Ferrous sulphate soluiion. — Dissolve 20 grams of ferrous sulphate in 100 cc. of 
water containing 1 cc. of concentrated sulphuric acid. 

(^) Bromin water. — Freshly prepared, saturated solution. 
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DETERMINATION. 



Proceed as directed under 26 up to "Filter with suction and thoroughly wash the 
precipitate in the flask and on the paper with 95 per cent alcohol by volume'*. 
Transfer the precipitate from the filter to the flask with a jet of hot water, boil imtil 
alcohol can no longer be detected by odor and add enough of the sulphuric acid (1 to 
5) to precipitate all the barium originally added and to allow 2 cc. in excess. Evapo- 
rate by careful boiling to a volume of 60-70 cc., cool and add 5 cc. of freshly prepared 
saturated bromin water, or enough to show a distinct excess. Transfer with water 
to a 100 cc. volumetric flask and dilute to the mark at standard temperature. Mix 
thoroughly, allow the precipitate to settle and filter through a dry paper. The precipi- 
tate may be separated by centrifugalizing and the supernatant liquid decanted, if 
necessary. Pipette an aliquot of the filtrate, containing not more than 400 mg. of 
citric acid, calculated from the total acidity of the scunple, into a 300 cc. Erlenmeyer 
flask. If possible, the amount of citric acid in the aliquot should exceed 50 mg. Add 
10 cc. of the sulphuric acid (1 to 1) and 5 cc. of the potassium or sodium bromid so- 
lution, mix, warm the flask in a water bath to 48°-o0°C. and allow it to remain in the 
bath for 5 minutes. After removing from the bath add rapidly from a burette 25 cc. of 
the potassium permanganate solution, drop by drop with frequent interruptions, and with 
constant, vigorous shaking, avoiding a temperature during oxidation exceeding 55°C. 
Set the flask aside until the hydrated peroxid of manganese begins to settle. The 
supernatant liquid should be deurk brown, showing em excess of permanganate; if an 
excess is not indicated, add more permanganate. Shake again, set aside to settle and 
repeat this operation until the precipitate assumes a yeUow color and most of it has 
dissolved. Finally, while the solution is still warm, remove the last undissolved portion 
of hydrated peroxid of manganese precipitate and also the excess of bromin by adding, 
drop by drop, the clear ferrous sulphate solution. Allow the solution to cool, shaking 
occasionaUy. If the operations have been properly conducted, a heavy white precipitate 
of pentabromacetone is obtained which becomes crystalline on occasional shaking and 
in this condition is entirely insoluble in water. Allow the mixture to stand overnight, 
collect it by means of gentle suction on a tared Gooch crucible provided with a thin 
pad of asbestos, previously dried over sulphuric acid in a vacuum desiccator, wash 
with water slightly acidified with sulphuric acid and finaUy wash twice with water. 
Dry the precipitate to constant weight over sulphuric acid in a vacuum desiccator, 
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protecting the precipitate from strong light. The weight of pentabromacetone, mul- 
tiplied by the factor 0.424, gives the equivalent weight of anhydrous citric acid 
(HsGcH&Ot). OccasionaUy the pentabromacetone is fint obtained in the form of oily- 
droplets. These become crystalline on standing or on cooling and are usually discolored 
by negligible traces of manganese or iron. 

The above method may be applied directly to the sample without previous pre- 
cipitation of the citric acid as tne barium salt when the amount oC sugar or other 
permanganate reducing substances is not excessive. In this case begin the deter- 
mination with the addition of 2 cc. of sulphuric acid (1 to 5) and the treatment with 
bromin water. 

32 MBTALS.— TBNTAtlVB. 
Proceed as directed under XI. 

33 PRBSBRYATIVBS.— OmCIAL. 
Proceed as directed under IX. 

34 COLORING MATTERS.— TElfTATIVB. 
Proceed as directed under X. 

35 SWEBTEIONG SUBSTITXrrBS. 
Proceed as directed under IX, 12, 14, 37 or 38. 
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Xm. CANNED VEGETABLES. 



1 PHYSICAL BXAMINATION'.— TENTATIVE. 

Note carefully the external appearance of the packages to detect the presence of 
*'leakers*\ ^'swells" or "springers". In general the ends of sound tins of canned veg- 
etables are slightly concave. On opening the package note the relative proportion 
of solid and liquid contents and the level of the solids and of the total contents in 
the tin. Note the general appearance, odor, flavor* color and size of the vegetables; 
appearance of the liquor or brine, whether dear or turbid, and the condition of the 
inner waUs of the container, especially as to blackening and corrosion. In all instances 
the analyst should familiarize himselC with the normal appearance, odor, color, flavor 
and other properties of the product under examination. Careful macroscopic or micro- 
scopic examination should be made for worm infestation, mold, dirt or other evidence 
of decomposition or filth. 

2 PRBPAJLATION OF SABiPLB.~OmCUL. 

The preparation of the sample for analysis depends upon the character of the product 
and the determinations to be made. Samples in which only the solid or liquid portion 
is required should be treated as follows: Weigh the full can, open, pour off the liquid, 
allow the solid portion to drain for a minute, re-weigh the can and drained vegetables, 
then remove the solid portion and weigh the dry, empty can. The method selected 
for draining the vegetables is dependent upon the nature and condition of the sample. 
In most cases it is sufficient to cut around the cover and before turning it back allow 
the liquor to drain through the slit. Whenever a portion of the solid material would 
escape with the liquor by this procedure, drain upon a piece of cheese-cloth. From the 
weights thus obtained determine the percentage of liquid and solid contents. If only 
the solid portion is required, separate in a similar manner and thoroughly grind the 
drained vegetables in a mortar or food chopper. If a composite of the solid and liquid 
portion is required, thoroughly grind the contents of the can in a mortar or food chopper. 
In all cases mix thoroughly the portion used and preserve the balance in glass-stop- 
pered containers. Unless the analysis is to be completed in a reasonably short time, 
determine the moisture in a portion of the sample prepared as above and, in order to 
prevent decomposition, dry the remainder and then expose to cur until it becomes 
air-dry, grind, mix thoroughly and preserve in glass-stoppered containers. \. second 
moisture determination is required in this procedure. 

3 MOISTDSS.— OFFICIAL. 

Dr>' a quantity of the sample, representing about 2 grams of dry material, as directed 
in VIII. 2. 

4 ASH.— OFFICIAL. 
Determine total ash as directed in VII, 4. 

5 SALT.^-OFnCIAL. 

Determine chlorin as directed under II, 15 or 17, express the result in terms of 
sodium chlorid. 
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^ (XIII 

S0GARS.-TBNTATIVB. 

7 

TOTAL ACIDS.~OmCUL. 
Proceed as directed in XV M p^ 
alkali requi^d to neutralize l^'^^JJ:."*"'* «" ^^e nuinber of cc. of N ,0 

8 

VOIATILE ACroS—OFnCML. 
P*w»ed as directed in XV 25 P i. 

aJkali iB equivalent U, 0.0060 ^n. of SUd "*"*•• '" ***«^ ""d: ^ «• «f N 10 

9 

"««attVATIVES.-QfncUL. 
Proceed as directed under IX. 

COIOWHO MATTBRS-TElfTAnVB. 
Proceed as directetl under X. 

11 

MBTAlS._TBirrATIVB. 
Proceed as directed under XL 

TOMATO PRODUCTS. 

PRBPARAnoir OF SAMPLB.-^Kp,cut. 

f JeASirt^n"^ r.Tclir.ri Cet'-- - .edi.ent. ,^„ 
thoroughly, continuing tie stirtng for Tw * '^'^ ** P°'«^'^''« *«!» and mix 
«mple to a gIa«-,toppered co„ul^« and IZt or mI t. ^""^^^ ""^ 'd'-">i^ 
'•™«^"»« portions for analysis. ^ "' "**" ^"roughly each time before 

13 

TOTAL SOUDS.-TEKTATIVB 

eS::rL"dTrXT£te: "e:^^,"-" '^ ^ « ^'-- "f aho. 
m a water oven for 4 hours. "^ ' '•'^"'** *" '^^>'"<'*' "" a siean, bath and dry 

14 

IHSOLOTIE SOUDS.— TENTATIVE 

-Jtt!;^rrir,ruH:?;^n.r.^^^^^^^^ 

filter paper on a Buchner funnel. Af ter 4 o^ S^^l^ . T** ''"°"«'' « ««'erf Wple 
matter to the fflter. dry for 2 hours Z 1^4;^^^ 1™*' '''^ ^^'"«'»'»'< '-ol"We 
The paper used should have been dried p^v^^ousK fir 2 h'"'™'°' ""'' """^^ "PW«v- 
desiccator and weighed. A cylinder rpTnX, :„ h' "'^ "* '°«°C.. cooled in a 

convenient for washing and centrifugJiJnr '""*" ""' '^ ''"•'•- '«»«. '" 

15 

SOLUBLE SOLIDS.-TEBTATIVE 
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15 9AND.— TENTATIVE, 

Weigh 100 grams of the well-mixed sample into a 2-3 liter beaker, nertrly fill the 
beaker with water, and mix the contents thoroughly. Allow to stand 5 minutes and 
decant the supernatant liquid into a second beaker. Refill the first with water and 
again mix the contents. After 5 minutes more decant the second beaker into a third, 
the first into the second, refill and again mix the first. Continue this operation, decant- 
ing from the third beaker into the sink until the lighter material is washed out from 
the sample. Then collect the sand from the three beakers on a tared Gooch crucible, 
dry, ignite and weigh. Attention is especially called to the fact that under "Sand** 
only the figure obtained by this method should be reported. The results obtained by 
the determination of ash insoluble in hydrochloric acid are not applicable to the deter- 
mination of sand, since the' sand is so unevenly di^ribiited. that reliaMe results can 
be obtained only by takiilg a larger sample than is liosslble in the determination of asb. 



17 ASB.--OFiaciAL, 



I ' 



Evaporate 10 grams of the sample to dryness on a water bath and ignite as directed 
under VII, 4. 

18 ALKAUNITY OF THE ASH.— OFFICIAL. 

Proceed as directed undei< XII, 7. Express the result asthe number of oc. of N/10 
acid required to neutralize the ash from 100 grams of the sample. 
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SOBIITM CHLORIO.-^^FVICIA]^. 



Proceed as directed under II, 15 or 17, using either an aliquot of the solution ob- 
tained in 18 or a nitric acid solution of the whole ash. 

20 REDUCING SUGARS BEFORE INVERSION.>-OFFICIAL. 

Weigh 20 grams oi the sample into a 200 cc. flask, dilute with about 100 cc. of water,' 
clarify with a.sliglit exoeas of neutral lead ao6tate ^[|kition» . djipte to the mark and 
filter. Reniove .the excess of lead with anhydrous ^sodium 0t potatsium oxalate. Filt^t 
and detennine reducing sugars as directed under Y II, 25. .Express the result as pet 
cent of invert sugar. 

21 RESUCmd SUGARS AFtER INVERSION.— OFFICIAt. 

Transfer 50 "cc. of the filtrate, obtained in 20, to a 100 cc. flask, add S cc. of con- 
centrated hydrocliloric acid and let stand overmght. Nearly neutralize with sodium 
h>droxid solution, cool, dilute to the mark and determine reducing sugars in an aliquol 
as directed under VII, 25. Express the result as per cent of invert sugar. 

22 SUCROSE.— OFFICIAL. 

l^oceed as directed under YII, 18. 

23 TOTAL ACIDS.— OFFICIAL. 

Proceed as directed under XYIII, 17, employing 5 grams of the sample. Express 
the result aa anhydrous citric acid. Ouecc. of N/10 alkali is equivalent to 0.0064 
gram ol anhydrous citnc acid. 

24 VOLATILE ACIDS.— OFFICIAL. 

Proceed as directed under XY, 25, employing 25 grains of the sample, increasing 
the amount of water osed for the distillation and collecting a correspondingly larger 
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amount of distillate. Express tlie result as acetic acid. One oc. of N/10 alkali is equiva* 
lent to 0.0060 gram of acetic add. Reserve the neutralized distillate for the detectaon 
of butyric acid. 

BVTTUC AdD. 

25 Qualiiaiidf Test.—TenUdiife. 

Evaporate the neutralized distillate, obtained in 24, to dryness on a steam bath. 
Decompose the residue with about 5 oc. of 10 per cent sulphuric acid and note the odor. 

26 fIZBD ACIDS.— OFFICIAL. 



Multiply the percentage of volatile acids, 24, by 1.067 and subtract the product 
from the percentage of total acids, 23, to obtain the per cent of fixed adds as dtric acid. 

Micro-Araltsis of Tomato Pulp, Catsup, Pubxb, Saucb aud Pasts. 

27 APPARATUS. 

(d) Compound mkro$eope. — ^Equipped with apochromatic objectives and compen- 
sating oculars, giving magnifications of approximatdy 90, 180 and 500 diameters. 
These magnifications can be obtained by the use of 16 and 8 mm. Zeiss apochromatic 
objectives with X6 and X18 Zeiss compensating oculars, or their equivalents, such as 
the Spencer 16 and 8 mm. apochromatic objectives with Spencer XIO and X20 com- 
pensating oculars, the draw-tube of the microscope bdng adjusted as directed below. 

(b) ThomorZeiu Hood counting cell. 

(C) Howard mold couniiFtg cell.* — Constructed Uke a blood counting cell but with the 
inner disk (which need not be ruled) about 10 mm. in diameter. 

28 molds.— TBHTATIVS. 

Glean the special Howard cell so that Newton's rings are produced between the 
slide and the cover-glass. Remove the cover and place, by means of a knife blade or 
scalpel, a small drop of the sample upon the central disk; spread the drop evenly over 
the disk and oover with the cover-glass so as to give an even spread to the material. 

It is of the utmost importance that the drop be mixed thoroughly and spread evenly, 
otherwise the insoluble matter, and consequently the molds, are most abundant at the 
center of the drop. Squeezing out of the more Uouid portions around the margin 
must be avoided. In a satisfactory mount Newton s rings should be apparent when 
finally mounted and none of the liquid should be drawn across the moat and und^* 
the cover-glass. 

Place the slide under the microscope and examine with a magnification of about 00 
diameters and with such adjustment that each field of view represents approximately 
1.5 sq. mm. of area on the mount. This area is of vital importance and may be ob- 
tained by adjusting the draw tube to the proper length as determined by actual measure- 
ment of the field, a 16 mm. Zeiss apochromatic objective with a Zeiss X 6 compensating 
ocular, or a Spencer 16 mm. apochromatic objective with a Spencer X 10 compensating 
ocular, or their equivalents, being used to obtain the proper mi 



Observe each field as to the presence or absence of mold filaments and note the 
result as positive or negative. Examine at least 50 fields, prepared from two or more 
mounts. No field should be considered positive unless the aggregate length of the 
filaments present exceeds approximately one-sixth the diameter <^ the field. Calculate 
the proportion of positive fields from the results of the examination of all the observed 
fields and report as percentage of fields containing mold filaments. 
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29 TBAST8 AND 8PORBS.— TBNTATIVB. 

Fill a graduated cylinder with water to the 20 oc. mark, and then add the sample 
till the level of the mixture reaches the 30 cc. mark. Close the graduate, or pour the 
contents into an Erienmeyer flask, and shake the mixture vigorously for 15-20 seconds. 
To facilitate thorough mixing the mixture should not fill more than three-fourths of the 
container in which the shaking is performed. For tomato sauce or pastes, or products 
running very high in the number of organisms, or of heavy consistency, 80 oc. of water 
should be used with 10 cc. or 10 grams of the sample. In the case of exceptionally 
thick or dry pastes, it may be necessary to make an even greater dilution. 

Pour the mixture into a beaker. Thoroughly clean the Thoma-Zeiss counting cell 
so as to give good Newton's rings. Stir thoroughly the contents of the beaker with a 
scalpel or knife blade, and then, after allowing to stand 3-5 seconds, remove a small 
drop and place upon the central disk of the Thoma-Zeiss counting cell and cover im- 
mediately with the cover-i^ass, observing the same precautions in mounting the sample 
as given under 28. Allow the slide to stand not less than 10 minutes before beginning 
to make the count. Make the count with a magnification of about 180 diameters, to 
obtain which the following combinations, or their equivalents, should be emfdioyed: 
8 mm. Zeiss apochromatic objective with X 6 Zeiss ccnnpensating ocular, or 8 mm. 
Spencer apochromatic objective with X 10 Spencer compensating ocular with draw- 
tube not extended. 

Count the number of yeasts and spores on one-half of the ruled squares on the disk 
(this amounts to counting the number in 8 of the blocks, each of which contains 25 of 
the small ruled squares). The total number thus obtained equab the number of organ- 
isms in iV cnmi. if a dilution of 1 part of the sample with 2 parts of water is used. 
If a dilution of 1 part of the sample with 8 parts of water is used the number must be 
multiplied by 3. In making the counts, the analyst should avoid counting twice 
organisms which rest on a boundary line between two adjacent squares. 

30 BACTBKIA.— TBHTATXVB. . 

Estimate the bacteria from the mounted sample, used in 29, but allow the sample 
to stand not less than 15 minutes after mounting befc»e making the count. Employ 
a magnification d about 500 diameters, which may be obtained by the use of an 8 mm. 
Zdss apochromatic objective with X 18 Zeiss compensating ocular with draw-tube not 
extended, or an 8 mm. Spencer apochromatic objective with X 20 Spencer compensating 
ocular with a tube length of 190, or their equivalents. 

Count and record the number of bacteria in a small area consisting of five of the 
small sized squares. Move the slide to another portion of the field and count the number 
on another similar area. Count five such areas, preferably one (torn near each ccvner 
of the ruled portion <^ the slide and one from near the center. Determine the average 
number of bacteria per area and multiply by 2,400,000, which gives the number of 
bacteria per cc. If a dilution of 1 part of the sam^de with 8 parts of water instead of 
1 part of the samfdie with 2 parts of water is used in making up the sample, then the 
total count obtained as above must be multiplied by 7,200,000. Omit the micrococcus 
type of bacteria in making the count. 

BIBLIOGRAPHY. 

1 U. S. Bur. Chem. Bulls. 125 and 151; U. S. Dept. Agr. Bull. 196; U. S. Bur. Ch4>m. 
Girc. 54; Research Laboratory, National Canners Association, Bull. 2. 
> U. S. Bur. Chem. Circ. 68, p. 4. 
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XIV. CEREAL FOODS. 
WHEAT IPLOUR. 

1 MOISTURB.-OFFICIAL. 
Determine moisture as directed in VII, 2. 

2 . . A8H.>-OFnGIAL. 
Determine ash as directed in VII, 4, using 3-5 grams of flour. 

3 CRUDE FAT OR ETHER EXTRACT.— OFFICIAL. 

Determine the ether extract as directed in VII, M. With fine flour the addition c€ 

an equal weight of clean, dry sand is often necessary. 

.1 » ■• i I 

4 * CRUDE FIBER.— OFFICIAL. 

■ t 

Detennine crude fiber as directed in VII, 66. 

i 

5 : ACIDITY OF WATER EXTRACT.— TBKTATIYE. 

Weigh IS grains of the flour into a 500 co. Grlnnmeyer flfulb a]i4/a€^.200 cc. oC carbof 
dioxid-free water. Place the flask, looaely itoppered, for an hour in a water bath kept 
at 40**C., shaking occasionaUy. Filter upon a dry, folded filter, returning the first 
10-15 cc. of the filtrate to the filter. Titrate 100 ce. of the clear filtrate witb Ny20 
sodium hydroxid, using phenoiphthalein as an indicator. Each cc. of N/20 sodium 
hydroxid is equivalent to O.OB per cent acidity as lactic acid. 

6 • SOOAR^.— TBKt AtT?^. 

Determtae redaetng sugaife anjilBucroBe a»jdiii9ctcd in VI I v 57 and 58. ' 

V . ' ! /-/ . i. • . •. 

7 . . : , FROTBI]i«--OBFIClAL. -4 ; . 

,.'.." • * ■ . • -J ■ i 

Determine nitrogen as directed in I, 18, 21 or 23. Multiply the percentage pf 

nitrogen by 5.7 to obtain the percentage of protein. 

ALCOHOL-SOLUBLE PROTEINS. 

8 MelhodJ- {By.nilrogen-determinaUon). — Tentative. 

Transfer 4 grams of the flour to a 150-200 cc. bottle or Erlenmeyer flask and a^d 
100 cc. of 70 per cent alcohbl by voliiine, taking care that none of the material sticks 
to the bottom of the container. Shake thoroughly 10-12 times at intervab of 30 oiin- 
utes at room temperature, or ^hake continuously in a shaking machine for an hour, 
and then set a^ide overnight. Shake thoroughly once more and filter through a dry, 
folded filter, returning the first runnings to the filter until a clear filtrate is obtained. 
Pipette 50 cc. of the filtrate, equivalent to 2 grams of the sample, into a Kjeldahl flask, 
dilute with 100 cc. of water to prevent frothing during digestion and determine nitrogen 
as directed in I, 18, 21 or 23. 

167 
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Method IL (By Polari2aiion).—TerUalne. 

9 REAGENT. 

MiUan^s reagerU. — Dissolve metallic mercury in an equal wdght of concentrated nitric 
acid and dilute the solution with an equal Yolume of water. The freshly prepared 
solution must be used. 
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DETEIUf 1 NATION . 



Weigh 15.07 grams of the flour into a 30 oc. flask and add 100 oc. of alcohol (sp. gr. 
0.90). Shake at 30 minute intervak for 3 hours and then let stand overnight. Filter 
through a dry, folded filter and polarize in a 200 mm. tube. Precipitate the proteins in 
50 cc. of the filtrate by the addition of 5 cc. of Millon*s reagent. Shake, filter and 
polarize the filtrate in a 200 mm. tube. Multiply the reading in degrees Ventzke by 
1.1 to correct for the dilution and deduct the product from the first reading. This 
difference, multiplied by 0.2, gives the per cent of gliadin* nitrogen. 

11 PROTBHS 80L1JBLB IK 5 PEE CENT POTASSIUM SULPHATE 80LimOH.-~TSHTATIVB. 

Weigh 6 grams c^ the flour into a 200 cc. flask and introduce exactly 100 cc. of 5 
per cent potassium sulphate solution. Shake at 30 minute intervals for three hours or, 
better, agitate at moderate speed in a shaker for one hour, let settle 30 minutes, filter 
and determine the nitrogen in 50 cc. of the filtrate as directed in 1, 18, 21 or 23. 

12 OLOBUUK AlID AIBUlOlf (EDESTIll AND IBUCOSIH) AND AMINO NITEOOEN.— 

TENTATIVE. 

Weigh 10 grams of the flour into a 500 oc. Erlouneyor flask, acid 250 oc. of 1 per 
cent sodium chlorid solution, stopper the flask and shake thoroughly. Let stand, with 
occasional shaking, for three hours, filter through dry paper and evaporate 100 oc. of 
the filtrate to a small volume in a Kjeklahl digestion flask with 5 oc. of concentrated 
sulphuric acid. Add the remainder of the sulphuric acid and determine the nitrogen 
as directed in I, 18, 21 or 23. To a second 100 oc. of the filtrate add 5 cc. of 20 per 
cent phosphotungstk acid solution, shake thoroughly, allow to settle and filter by 
decantation. Wash slightly with water, concentrate the filtrate with 5 cc. of sulphuric 
acid in a Kjeldahl flask and determine the amino nitrogen as directed in I, 18, 21 or 
23. Deduct the amino nitrogen from the nitrogen found in the firfst fraction to obtain 
the nitrogen as ^obulin and albumin^ 

13 OLUTENIN.— TENTATIVE. 

Deduct the sum <^ the potassium sulphate-soluble nitrogen, 11, and the alcohol- 
soluble nitrogen, 8, from the total nitrogen, 7, and multiply the difference by 5.7. 

14 COLD-WATER-SOLUBLE EXTRACT.— TENTATIVE. 

Weigh 20 grains of the flour into a 500 cc. Erlenmeyer flask and add gradually 200 
cc. of water at a temperature not higher than lO'^C, shake vigorously when about 50 
oc. of water have been added and continue shaking during the addition of the remainder. 
Allow to stand at 10°G. for 40 minutes, shaking occasionally. Filter through a large, 
dry, coarse filter paper, returning the first runnings to the filter untfl a clear filtrate is 
obtained. Pipette 20 cc. of the dear filtrate into a tared dish, evaporate to dryness on 
a steam bath and dry in an oven at 100°G. for periods of 30 minutes to constant weight. 
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OLUm. 

15 QualUaiiM TeML^—Terdaiwe, 

Place a very smafl quantity (about 1.5 mg.) of the floor od a microscope slide, add 
a drop of water, oontaining 0.2 gram of water-aoluble eosin in 1 liter, and mix by means 
of a cover-glass, holding the latter at first in such a manner that it is raised slightly 
above the slide, and taking care that none of the fkmr escapes from beneath it. Finally 
allow the cover-glass to rest on the slide and rub it back and forth until the gluten has 
collected into rolls. The operation should be carried out on a white paper so that the 
formation oi gluten rolk can be noted. Wheat flour, or other flours containing gluten, 
show by this treatment a copious amount of gluten, which absorbs the eoein with 
avidity, assuming a carmine color. Rye and com flour yield only a trace of gluten; 
buckwheat flour, no appredaUe amount. The preparations are best examined with 
the naked eye, thus gaining an idea of the amount of gluten present. If the flour is 
coarse, or contains a considerable amount of bran elements, as is true of buckwheat 
flour and low-grade wheat flour, the test should be made after bolting, as the bran 
particles and coarse lumps interfere with the formation of gjuten rolls. 

16 QwuUUaiwe Method.—Tentaiue. 

Weigh 25 grams of the flour into a cup or porcelain mortar, add sufficient tap water 
(about 15 cc.) to form a firm dough ball and work into a dough with a spatula or pestle, 
taking care that none of the material adheres to the utensil employed. Allow the dough 
to stand in water at room temperature for an hour, then knead gently in a stream of 
tap water until the starch and all soluble matters are removed. This operation requires 
approximately 12 minutes and should be performed over bolting doth or a horsehair 
sieve. To determine if the gluten is starch-free let 1 or 2 drops of the wash water, 
•obtained by squeezing the gluten, fall into a beaker containing perfectly clear water. 
If starch is present a cloudiness appears. Allow the gluten thus obtained to stand in 
water for an hour, then press as dry as possible between the hands, roll into a ball, 
place in a tared, flat-bottomed dish and weigh as m<Mst gluten. Transfer to an oven, 
dry to constant weight at lOCTG. (about 24 hours), cool and weigh as dry gluten. 



CHLOBm. 

17 QualUaikfe Test (Chhrin-Bleaehed Flours). —Tentaiioe, 

Extract dO grams of the flour with gasoline and allow the solvent to evaporate. 
A small amount of oil remains. Heat a piece of copper wire in a coloriess gas flame 
until it is black and no longer colors the flame green. Dip the hot end of the wire into 
the ofl and again bring into the flame. If chlorin or bromin has been used as a bleaching 
agent, a green or blue coloration is produced. 

18 QuaniUaiive Method. {Added Chlorin in Chhrin-Bleaehed FkMry-'Teniaiive, 

Weigh 20gram8of the flour into a flat-bottomed aluminium dish,^10cm.indiameter«. 
and dry 5 hours in a boiling water or steam oven, transfer, with aa little exposure U> 
the air as possible, to a continuous Cat extractor, and extract for 16 hours with anhy-' 
drous akohol-free ether, which is also free from chlorin. Transfer the ether extract 
to a nickel dish and add 25 cc. (tf a solution containing 25 grams (A sodium or potassium 
hydroxid and 15 grams of sodium nitrate per liter. Place the dish on a steam bath, 
evaporate to dryness and ignite in a muffle at a dull red heat until the contents are 
thoroughly charred. Extract the charred mass with 25 cc. of 1 per cent nitric acid 
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and filter. Return the residue to the dlsb; char and again extract with 25 cc. of 1 
per cent nitric acid, filter, wash with hot water, return to the dish and ignite to a white 
ash. Dissolve the ash in 5 per cent nitric acid and add the solution to the filtrates 
previously obtained. Determine the chkrin in tJhe coniMiifid filtrated either gravi- 
metiically, as directed in I, 16 (ft), or volumetrically. as directed in IL 17, using 
N/50 solutions for greater accuracy. 

Special precautions dboold foe taken that the air of the laboratory during the entire 
operation is not contamiiMited by chlorin or hydrdcbloric acid fumes and that all 
reagents employed are as free as possible from chlorin. In all catses a blank determina- 
tion should be conducted at the same time and a correction introduce<l if necessarv. 

• I 

NITRITE NITROGEN.— TENTATIVE. 
W REAGENTS. 

(d) Sulphanilic acid solution, — Di^^solve 0.t5 gram of sulphanilic acid in 150 cc. pf 20 
per cent acetic acid. , 

(b) Alpha-naphihylamin hydroehlorid A>2ii/ion.-r Dissolve, by hen ting, 0.2 gram of the 
salt in 150 cc. of 20 per cent acetic acid. 

(C) Standard nitrite solution. — Dissolve 0.1097 gram of dry C. P. silver nitrite in about 
20 cc. of hot water, add 0.10 gram of G. P. sodium chlorid, shake until the silver chlorid 
flocculates and make up to 1 liter. Draw off 10 cc. of the clear solution and dilute to 
1 liter. E^ch cc. of the last solution is equivalent to 0.0001 mg. of nitrogen as nitrite. 

[Cf. HI, 12 (d).] . ' ; . 

The silver nitrite may be prepared as follows: To a^ cold solution of about 2 grams of 
S(Klium or pota^ium nitrite in 50 ex*, of water, a^d a solution of silver nitrate so long 
as a precipitate appears. Decant the liquid and thoroughly >yash the precipitate w^ith 
cold water. Dissolve in boiling water. On cooling, the' silver nitrite crystallizes out. 

Dry the crystals in the dark at ordinary temperature (preferably In a vacuum). 

i 

20 DETERAtlNATlON. 

(1) Select a series of 100 cr. voltim«trtc flnsks of uniform dimensions and color. 
Place 2 grams of high grade, nitrite-free flour in each; add approximately 70 cc. of 
nitrite-free water and shake until the' floor is thoroughly moistened. Add to these 
flasks varying amounts of the standard sodiun) nitrite solution, so that a serie&vpf 
comparison standards will be obtained having a range covering the probable nitrite 
content of the unknown sample. Reserve ons flask for A blank test. Ip order to ayoid 
makinga large series of standftrd^ it Us weU:t« make a lureUminary test to ascertain the 
approximate nitcite ootiMiit of the unknowil; .Wher^ the <|ua|itily .of . oitrite presqpi is 
small, the nitrite. soltition in the flasks nay be'lncreoa^ by 0;4ic&.eacb. Wbare bleach- 
ing is excessive. 1 gram of flour may be used throughout, .or. the stan|iar4s-may Jbe 
given a wider variation in nitrite content. 

To «a^,i^ two -similar flaska add 2 grama of the floin: and OO'cc. of -watctr;. shake 
thoroughly and digest all the flasks, including the blank, in a water bath at 40°G. for 
.at least 15 minutes; odd -2 cc. each of the sulphanilic acid and alpha'-aftl^tll^^^in 
hydrochlorid aduiions to each flask, shaking* the mtxfuve after the addition- df bach 
reagent* Contiiiui^ the digestion' at ^O^'C' fM« an additional 20 minutes. The color must 
be. developed in all the flasks ufidfr conditions as nearly uniform as poaslble. Make 
up to thf .marks with nitrite-fVee wnter and compare the unknowm with 'the series of 
. standards:': Tiiiii.-niay be done in a large, white enameled pan, the effect of the turbidity 
due (Aithe flottt* being minimiKed by the white background. The solutions should be 
allowed to subside and ishould not be shaken dnring compariaon*, or, -^ Sui 
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(2) Weigh 20 grams of the flour into a 500 cc. Erlenmeyer flask, add 200 cc. of nitrite- 
free water, previously warmed to 40°C., and close the flask with a rubber stopper. 
Shake v'igorously for 5 minutes and digest for an hour in a water bath, keeping the 
temperature of the liquid in the flask at 40^C. and shaking at 10 minute intervals. 
Finally filter on a dry, nitrit«-free, folded filter. Return the first runnings to the filter 
until a clear filtrate is obtained. Pipette 50 cc. of the filtrate and 50 cc. of the standard 
nitrite solution into small flasks; add to each, 50 cc. of water, 2 cc. each of the sul- 
phanilic acid and alpha-naphthylamin hydrochlorid solutions, shake and allow to 
stand an hour to bring out the color. Compare the two solutions in a colorimeter. 
Divide the height of the column of the standard solution by that of the solution of the 
sample, to obtain the parts of nitrogen as nitrous acid (free and combined) per million 
of flour. 

21 GASOLIIVX COLOR VALUE.— TBNTATIVB. 

Place 20 grams of the flour in a wide-mouthed, glass-stoppered 120 cc. bottle and 
add 100 cc. of colorless gasoline. Stopper tightly and shake vigorously for 5 minutes. 
After standing 16 hours, shake again for a few seconds until the flour has been loosened 
from the bottom of the bottle and thoroughly mixed with the gasoline, then filter 
inuuediately on a dry 11 cm. paper into an Erlenmeyer flask, keeping the funnel covered 
with a watch glass to prevent evaporation. In order to secure a clear filtrate, a certain 
quantity of the flour should be allowed to pass over onto the paper and the first portion 
of the filtrate passed through a second time. It will be found convenient to fit the 
filter paper to the funnel by means of water. Dry thoroughly either by standing over- 
night in a weU-ventilated place or by heating. 

Determine the color value of the clear gasoline solution in a Schreiner or similar 
colorimeter, using for comparison a 0.005 per cent potassium chromate solution. This 
solution corresponds to a gasoline number of 1.0 and is conveniently prepared by diluting 
10 cc. of a 0.5 per cent solution to 1 liter. The colorimeter tube, containing the gascdine 
solution, should first be adjusted so as to read 50 mm., then the tube containing the 
standard chromate solution raised or lowered until the shades of yellow in both tubes 
match. The reading of the chromate solution, divided by the reading of the gasoline 
solution, gives the gasoline color value. The color value may be determined also in 
Nessler tubes, using for comparison potassium chromate solutions of various dilutions 
prepared from a 0.5 per cent solution and filling the tubes in all cases to the height of 
50 mm. 

BIBLIOGRAPHY. 
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XV. wmss. 

(Unlem otherwise noted exprew results as gnons per 100 oc) 

1 PHYSICAL BZAlCmATIOll.— TSHTATTYB. 

Note the folkming: whether the container is "bottle full'*; the appearance of the 
wine, whether it is bright or tiarbid and whether there is any sediment; condition when 
opened, whether still, gaseous or carbonated; color and depth of color; odor, whether 
vinous, acetous, pleasant or foreign; and taste, whether vinous, acetous, sweet, dry or 
fordgn. 

2 PRXPABATIOll OF 8AlfPIJU--OmCIAL. 

If gas is contained in the wine, remove it by pouring the sample back and forth in 
beakers. 

Filter the wine, regardless of appearance, before analysis and determine immedi- 
ately the specific gravity and such ingredients as alcohol, adds and sugars iHiiich are 
liable to change throu|^ exposure. 

3 SPBCDIC GSAVITT.— OmCIAL. 

Determine the specific gravity at ^o ' by means of a pycnometer. Standardize 

the instrument as follows: Carefully clean the pycnometer by filling it with a saturated 
solution ci chromic add in concentrated sulphuric acid and allowing it to stand for 
several hours. Empty the pycnometer and rinse thoroughly with water. Then fill it 
with recently bdQed water previously cooled to 16*-18^G., place in a bath of water 
cooled to the same temperature and allow the bath to warm slowly to 20*^0., adjust 
the level of the water to the proper point on the pycnometer, put the perforated cap 
or stopptf in place, remove from the bath, wipe dry with a doth and, after allowing 
to stand (or 15-20 minutes, weigh. Empty the pycnometer, rinse several times with 
alcohol and then with ether, allow it to become perfectly dry and weigh. Ascertain 
the weight of contained water at 20^G. by subtracting the weight of the empty pyc- 
nometer from its weight when full, and calculate the weight d contained water at 4®G. 
by multiplying the result by 1.0018 (determined from the respective densities of water 

at the two temperatures o^aasay 

20" c 

To determine the specific gravity of the wine at ^^' cool it to 16'*-18'*G., fill the 

pycnometer with the wine, immerse in a water bath cooled to 16^'18^G., allow the bath 
to warm slowly to 20°G., a^ust the level of the wine to the proper point on the pyc- 
nometer, put the perforated cap or stopper in place, wipe dry and weigh in the same 
manner as in the standardisation with water. Subtract the weight d the empty pyc» 
nometer from its weight when filled with wine, and divide the difference by the weight 
of contained water at 4^G. determined above, the quotient bang the specific gravity d 

.u • * aye. 

the wme at — ^ 

4 ALCOHOU-OIfldAL. 

(a) By vohune, — Measure 100 cc. of the liquid at 20*'G. into a 300-500 cc. distiDation 
flask and add 50 cc. of water, attach the flask to a vertical condenser by means of a 
bent tube and distil almost 100 cc., making up to 100 cc. volume when cooled to 20®G. 
Foaming, which sometimes occurs, espedally with young wines, may be prevented 
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by the addition of a small amount of tannin. To determine the alcohol in wines which 
have undergone acetous fermentation and contain an abnormal amount of acetic acid, 
exactly neutralize the portion taken with sodium hydroxid solution before distilling. 
This is unnecessary, however, in winMpf iKVtfnal tM^ and odor. Determine the specific 

20* C 

gravity of the distillate at — p— ' and obtain the corresponding percentage of alcohol 

by volume from XXXv Table 7. 

(b) Grams per 100 cc. — From the specific gravity ,of the distillate, obtained in (a), 
ascertain from XXX, Table 7, the corresponding alcohol content in grams per 100 cc. 

(C) Br weight. — Dt^^de the number of granis in the ]fO0'cc>. of ^tOlat^, as t>btaine<] 
in (b), by the weight of the sample as calculated fronils speoific gravity. 

(d) By immersion refractometer. — ^The percentages of alcohoK «« determined in (a) 
and (C), may be verified by detemrining the ittimefBicm refractometer reading ef the 
distillate and obtaining, from XXX, Table 8, the corresponding percentages of alcohol. 

OtTCEROL m DRY ^ITtRCSk' ' 

5 Method I. {By Direct Weighing).— OfficiaL 

Evaporate 100 cc. of the wine in.aporcelaiq.disb on the wa^ bath \o a voliujnt) of 
about 10 cc. and treat the residue with about 5 ^ams cf fine sand.^nd.^-^^ cc. of milk 
of lime (containing about 15 per cent of calcium oxid) for each grai)ii9f extract present 
and evaporate almost to dryness Treat the moist residue with 50 cc. of 90 per cent 
alcohol by volume, remove the aiibflaiKe adbewg taihB,aides of the dish with a spatula 
and rub the whole mass to a paste. Heat the mixture on a water batli, with constant 
stirring, to incipient boiling and decant the liquid tb'rough' a filter into a small flask. 
Wash the residue repeatedly by decantation with' 10 cc. portions of* hot 90 per cent 
alcohol until the filtrate amounts to about 150 cc' Evaporate the filtrate to a sirupy 
consistency in' a porcelain dish on a hot, but not boiling, Water bath; transfer the residue 
to a small, glass-stoppered, graduated cylinder with '20 ctl of absohite alcohol and add 
three portions of 10 cc. each of anhydrous ether, shakitig thoroughly after each addi- 
tion. Let stand until deaf, then pour off through' a filter, and wash the cylinder and 
filter with a mixture of 2 parts of absolute alcdhol to 3 parts df anhydrous ether, also 
pouring the wash liquof thi'ou^h the filter.- Evaporslte ^e filtratCT to a sirupy consist- 
ency, dry fof art hour at the teiYiperature of boiling wafer, weigh, ignite and weigh 
again. The loss on ignition gives the Veight of glyceroF. 



t/« 



6 Method fr. (ByO<tidMionmfhDi<fhrmikte).—Offi€ia^. 

Evaporate 100 cc. of the wipe in a porcelain dish on a water bath, the temperature 
of which is maintained at 86°-9P°0., to a voliidie of 10' ec. and. treat the residue with 
about 6 grams of fine sand and b cc: of milk of lime, (opntaining 16 0rama of c«Jf;ium 
oxid per 100 oc.). . P^ooeed from this point a» directed OAder- XYIIL 6^ baginiung 
with the claaqe ''Evaporate, abnost t^ dryness with Drequen^^ Hirpiig*', except that 
the solution of glycerpl ^ft^n* treatment with silver parbonale aimiJbad acetate is mad^ 
up to 100 cc. .instead of $0 cc. Obaerve the preoautions f^ven cgncfrouig the t^m> 
perature at which all evapOnations are to be made. . 

7 GLYCEROL IN SWEET WINES.— OFFICIAL. 

With wines whose extract exceeds t5 -grams per 160 cc, heat 100 cc. to boiling in 
a flask and treat with successive small' portions of milk of lime until the wine becomes 
first darker and thc^ lig;hl«r in color. Cool, add 200 cc. of 95 per pent alcohol by volume^ 
allow the precipitate to subside, filter and wash with 95 per cent alcohol. Treat the 
combined filtrate and washings as directed in 5 or O. 
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8 GLYCEROL-ALCOHOL RATIO.-O^FICIAL. 

Express this ratio as X : 100, in which X is obtained by multiplying the percentage 
weight of glycerol by 100 and dividing the result by the percentage of alcohol by weight. 

EXTJRACT. 

9 From (he Specific Gravity of the Dealcoholized Wine. — Official. 

Calculate the specific gravity of the dealcoholized wine by the following formula: 

S«G + 1-Ain which 

S « spedfic gravity of the dealcoholized wine; 

G — specific gravity of the wine, 3; and 

A = specific gravity of the distillate obtained in the determination of alcohol, 4 ('Si). 

From XXX, Table 3, ascertain the per cent by weight of extract in the dealcoholized 
wine corresponding io the value of 8. M ultlpiry the figure* tfatis obtained by the value 
of S to obtain the grams of extract per 100 cc. of wine. 

10 By Evaporatipnt-^fficial. 

(a) In dry wines, having an extract content of less than 3 grams per iOOcc. — Evaporate 
50 cc. of the sam|j^ on a water bath to a sirupy consistency in a 75 cc. flat-bottomed 
platinum dish, approximately 85 min. in diameter. Heat the residue for 2-5 hours in 
a drying ov en at the temperature of boiling water, cool in a desiccator and weigh as 
soon as the dish and contents reach room temperature. 

(b) In stoeei vftnes. — When the extract content is between 3 and 6 grams per 100 
cc.; treat 25 cc. of the sample as directed under (a). 

When the extract exceeds .6. grams per 100 cc^ howeyeTt the result, obtained as 
directed under 9, is accepted and no gravimetric determination is attempted. This is 
because of the serious error connected with drying levulose at high tempei'ature. 

11 NON-SUGOOt SOLIDSr-OFnCIAU 

Determine the non-sugar solids (sugar-free extract) by subtracting the cunount of 
reducing sugars before inversion, 12, from the extract, 9 or 10. If sucrose is present 
in the wine, determine the non-sugar solids by subtracting the sum of reducing sugars 
before inversion and the sucrose from the extract. 

12 REDUCING SirOAitS.— OFKCIAI.* 

(a) Dry Wines. — Place 200 cc. of the wine in a porcelain dish, exactly neutralize 
with N/1 sodium hydroxid, calculating the amount required from the determination 
of acidity, 23, and evaporate to about one-fourth the original volume. Transfer to a 
200 cc. flask, add sufficient neutral lead acetate solution to clarify, dilute to the mark 
with water, shake and filter through a folded filter. Remove the lead with dry potassium 
oxalate and determine reducing sugars as directed under VII, 25. 

(b) Sweet wines. — In the case of sweet wines approximate the sugar content by 
subtracting 2 from the result in the determination of the extract and employ such a 
quantity of the sample that the aliquot taken for the copper reduction shall not exceed 
240 mg. of invert sugar. Proceed as directed in (a) except that this smaller quantity 
of the sample is taken for the determination. 

SUCROSE. 

13 By Reducing Sugars Before and After Inversion, — Official. 

Proceed as directed under VII, 18, using the method given under VII, 25, for the 
determination of reducing sugars. 
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14 By Polarizaiion.— Official. 

Polarize pari of the filtrate, obtained in 12, before and after inversion in a 200 nun. 
tube as directed under VII, 14 or 16. In calculating the percentage of sucrose the 
relation of the amount of sample contained in 100 cc. to the normal wei^t for the 
instrument must be taken into consideration. 

15 COMlfBRCIAL OLUCOSB.-OFnCIAL. 

PcJarize a portion of the filtrate, obtained in 12, after inversion in a 200 mm. jacketed 
tube at 87®G. as directed under VIII, 22. In calculating tlie percentage of f^ucose 
the relation of the amount of sample contained in 100 oc. to the normal weight for the 
instrument must be taken into consideration. 

16 ASH.-OFnCIAL. 

Proceed as directed under VII, 4, employing the residue from 50 oc. of the wine. 

17 A8H-X2TRACT SATTO.-OFVICIAL. 

Express results as 1 : X, in which X is the quotient obtained by dividing the grams 
of extract per 100 cc. by the grams of ash per 100 cc. 

18 Auuuiirnr or tbb waib&.^oldblb ASH.-OFnciAL. 

Extract the ash, obtained as directed under 16, with successive small portions of 
hot water until the filtrate amounts to about 60 cc. and proceed as directed under 
VIII, 15. Express the alkalinity in terms of the number of oc. of N/10 add required 
to neutralize the wster-soluble ash frcHon 100 oc. of the wine. 

19 ALKALimTY OF THB WA1B&-IH80LUBLB ASH.— OlflCIAL. 

Ignite the filter and residue (rom 18 in the platinum dish in which the wine was 
ashed, and proceed as directed under VIII, 16. Express the alkalinity in terms of 
the number of oc. of N/10 acid required td neutralize the water-insoluble ash from 100 
cc. of the wine. 

20 PHOSPHORIC ACID.-OmCIAL. 

Dissolve the ash, obtained as directed under 16, in 60 cc. of boiling nitric acid (1 to 
9), filter, wash the filter and determine phosphoric add in the combined filtrate and 
washings, as directed in I, 6 or 9. If the ash ignites without difficulty, no free phos- 
phoric add need be suspected. Should there be any free acid, the ash remains black 
even after repeated leaching. In such cases caldum acetate or a mixture containing 
3 parts of sodium carbonate and 1 of sodium nitrate should be added to avoid loss of 
phosphoric acid before attempting to ash. 

21 . SULPHURIC ACID.-OmaAL. 

Precipitate directly the sulphuric acid in 50 oc. of the wine by means of barium 
chlorid solution, after acidifying with a small excess of hydrochloric add, and deter- 
mine the resulting barium sulphate as directed under II, 12. Allow the predpitate 
to stand for at least 6 hours before filtering. Report as sulphur trioxid (SOs), using 
the factor 0.3430. 

22 CHLOBn>S.-OFnCIAL. 

To 100 cc. <^ dry wine or 50 cc. of sweet wine add sufiBcient sodium carbonate to 
make distinctly alkaline. Evaporate to dryness, ignite at a heat not above low redness, 
^ool, extract the residue with hot water, acidify the water extract with nitric acid and 

>termine chlorids as directed under II. 15 or 17. 



23 TOTAL IdDS^-OmCUL. 

Measure 20 cc. of the wine into a 250 cc. beaker, he«t npidly to incipient boiling 
and immediatdy titiute with N/10 wxlium bydnudd. Determine the end point with 
oeutral 0.05 per cent azolitmm aolutiMi as an oulaide indicator. Place the indicator 
in the cavities of a spot plate and spot the wioe into the a«4itaun solution. The end 
pmnl is reached when the color of the indicator remains unchanged by the addition 
of a few drops of N/10 alkali to the wine. 

In the case of winea which am artiScially colored and which can not be Mtirfactorily 
titnt«d in the above manner, it will be found bdpful to uM phenolphthalan powder 
(1 part of phenolphthalein mixed with 100 parta of dry, powdered potasaium sulphate) 
as an indicator. Place this indicator in the cavitiea of a spot plate and spot the wine 
into the powder. The end of the titration ia indicated when Ibe powder acquires a pink 
tint. 

Express the result in t^rms 
equivalent to 0.0075 gram of U 



FIG. e. APPARATUS FOR THE DETERMINATION OP VOLATILE ACIDS. 
VOLATILB ACIDS. 

24 Method I.— Official. 

Heal rapidly to incipient boiling 50 cc. of the wine in a 500 cc. disUllatiim flask and 
paaa steam through until 15 cc. at the distillate require only 2 drops of N/10 sodium 
bydroxid for neutralization. The water uaed to generate the steam should be boiled 
several minutes before connecting the steam geDerat«r with the distillation flask in 
order to expel carbon dioxid. Titrate rapidly with N/10 sodium bydroxid, using 
phencJphtlialein as an indicator. The color should remain about 10 seconds. Express 
the result as acetic acid. One oc. of N/10 socUum hydroxid i« equivaleat to 0.0060 
gram of acetic acid. 

25 Method IlK—Offieial. 

Introduce 10 c«. of the wine, previously freed from carbm dioxid, into the inner 
tube of a modified Sellier distillation apparatm (Fig. 6), add a small piece of paraiGn 
to prevent foaming, and adjust tbe tube and its contents in place within the larger 
Oaik containing 100 cc. of recently bcnled water. Connect with a condenser as illus- 
trated in Fig. 6 and distil by heating the outer flask. When 50 cc. of the distillate 
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have been collected, empty the reoeiver into a beaker and titrate with N/10 sorlium 
hydroxid, using phenolphthalein as an indicator. Continue the distillatiun and titrate 
each succeeding 10 cc. of distillate until not more than 1 drop of standard alkali is 
required to reach the neutral point. Usually 80 cc. of distillate will contain all the 
volatile acids. 

26 FIXED ACIDS.— OFFICIAL. 

Multiply the amount of volatile acids by 1.25 and subtract thi« from the total acids, 
to obtain the amount of fixed acids, lexpressed as tartaric acid. 

27 TOTAL TARTARIC ACID^— OFFICIAL. 

i 

I 

Neutralize 100 cc. of the wine with N/1 sodium hydroxid, calcidating from the 
acidity, 23, the number of cc. of N/1 alkali necessary for the neutralization. If the 
volume of the solution is increased more than 10 per cent by the addition of the alkali, 
evaporate to approximately 100 cc. Add to the neutralized solution 0.075 gram of 
tartaric acid for each cc. df J\/l alkah' added and, after the tartaric acid has dissolved, 
add 2 cc. of glaoial aeetic acid and 15 grams of potassium chlorid. After the potassium 
chlorid has* dissolved, add 15 cc. of 95 per cent alcohol by volume, stir vigorously until 
the potassium bitartrali^ begins to precipitate and then let stand in an ice box for at 
least 15 hours. Dectint ttie liquid from the separated potassium bitartrate on a Gooch 
crucible prepared >^th A very thin film of asbestos, or on filter paper in a Biichner 
funnel. Wash the precipitate and filter 3 times with a few co. of a mixture of 15 grams 
of potassium chlo^d, 20 cc. of 95 per cent alcohol by volume and 100 cc. of water, 
using not more than 20 ^c. ^f the wash solution in all. Transfer the asbestos or paper 
and precipitate to the beaker in which the precipitation was made, wadh out the Gooch 
crucible or Biichner funnel w\th hot water, using about 50 cc. in all, heQt to boiling 
and titrate the hot solution wfth N/10 sodium hydroxid, using phenolphthalein as an 
indicator. Increase the number, of cc. of N/10 alkali required by 1.5 cc. to allow for 
the solubility oC the precipitate. ' One cc. of N/10 alkali is equivalent, under these con- 
ditions, to 0.015 gram of tartaric acid. Subtract the amount of tartaric acid added from 
this result to obtain the grams of total tartaric acid per 100 cc. of the wine. 

28 FRBE TARTARIC ACID AISTD CREAM OF TARTAR'.— OFFICIAL. 

Calculate the free tartaric acid and cream of tartar in the following manner: 

Let A * total tartaric acid in 100 cc, of wine, divided by 0.015; 
B ^ total alkalinity of the ash (sum of C and D) ; 
C ^ alkalinity of water-soluble ash; 
D » alkalinity of water-insolublc ash. 

Then 

(1) If A is greater than B, 

Cream of tartar = 0.0188 X C; and 
Free tartaric acid = 0.015 X (A-B). 

(2) If A equals B or is smaller tban B but greater than C, 

Cream of tartar = aOlSS X C; and 
Free tartaric acid *= 0. 

(3) If A is smaller than C 

Cream of tartar = 0.0188 X A; and 
Free tartaric acid =* 0. 
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TAlfimf AUD COLOKIKO lfATTBR.--OmCIAL. 

29 REAGENTS. 

(a) N/iO oxalic acid. — One cc. is equivalent to 0.00416 gram of tannin. 

(b) Standard potassium permanganaie sokdion, — ^Dissolve 1 .333 grams of potassium 
permanganate in 1 liter of water and standardize the solution against (a). 

(C) Indigo sokUion, — Dissolve 6 grams of sodium sulphindigotate in 500 cc. of water 
by heating; cool, add 50 cc. of concentrated sulphuric add, make up to 1 liter and 
filter. 

(d) Purified boneblack*. — ^Boil 100 grams of finely powdered boneblack with suc- 
cessive portions of hydrochloric acid (1 to 3), filter and wash with boiling water until 
free from chlorids. Keep covered with water. 

30 DETERMINATION*. 

Dealcoholize 100 cc. of the wine by evaporation and dilute with water to the original 
volume. Transfer 10 cc. to a 2 liter porcelain dish; add about a liter of water and exactly 
20 cc. of the indigo solution. Add the standard potassium permanganate solution, 1 
cc. at a time, until the blue color changes to green, then add a few drops at a time 
until the color becomes golden yellow. Designate the number of cc. of permanganate 
solution used as "a". 

Treat 10 cc. of the dealcohohzed wine, prepared as above, with boneblack for 15 
minutes; filter and wash the boneblack thoroughly with water. Add a liter of water 
and 20 cc. of the indigo solution and titrate with permanganate as above. Designate 
the number of cc. of permanganate used as '*b". 

Then a— b^c, the number of cc. of the permanagante solution required for the 
oxidation of the tannin and coloring matter in 10 cc. of the wine. 

31 CRTJDS PROTEIN.— OFFICIAL. 

Determine nitrogen in 50 cc. of the wine, as directed under I, 18, 21 or 23, and 
multiply the result by 6.25. 

32 PENTOSANS.— OFFICIAL. 

Proceed as directed in VII, 63, except that 100 cc. of the wine and 43 cc. of hy- 
drochloric acid (sp. gr. 1.19) are used in beginning the distillation. Owing to the inter- 
ference of sugars this determination can be made in dry wines only. 

33 GUM AND DEXTRIN.— TENTATIVE. 

Evaporate 100 cc. of the wine to about 10 cc. and add 10 cc. of 95 per cent alcohol 
by volume. If gum or dextrin be present (indicated by the formation of a voluminous 
precipitate), continue the addition of alcohol, slowly and with stirring, until 100 cc. 
have been added. Let stand overnight, filter, and wash with 80 per cent alcohol by 
volume. Dissolve the precipitate on the paper with hot water, hydrolyze the filtrate 
and washings with hydrochloric acid and proceed as directed under VII, 59. 

34 NITRATES.— TENTATIVE. 

(a) While wine. — Treat a few drops of the wine in a porcelain dish with 2-3 cc. of 
concentrated sulphuric acid, which contains about 0.1 gram of diphenylamin* per 100 
cc. The deep blue color formed in the presence of nitrates appears so quickly that it 
is not obscured, even in sweet wine, by the blackening produced by the action of sul« 
phuric acid on the sugar. 
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(b) Red wine. — Clarify with basic lead acetate, fiUter, remove the excess of lead from 
tile filtrate with sodium sulphate, filter again and treat a few drops of this filtrate as 
directed under (a). 

35 COLOSIKO MATTBRS^—TBHTATIVB. 

Proceed as directed under X. 

36 PRBSBRVATIVBS.— OFFICIAL. 

Proceed as directed under IX. 

The detection of added boric acid is somewhat difficult because a small amount of 
it is normally present in certain wines. Therefore, a quantitative determination should 
be made. The determination of sulphurous acid must also be quantitative. A small 
amount of salicytic acid is also normal in wine, and for that reason not more than 50 
cc. of the sample should be used in testing for that preservative. 
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XVI. DISTILLED LIQUORS. 
1 SPECIFIC GRAvmr.— omciAL. 

20* C 

Determine the specific gravity at "40"' by means of a pycnometer, as directed under , 
XV, 3, or by means of a small, accurately graduated hydrometer. 

2 ALCOHOL BT WBIOHT.--OniCIAL. 

Weigh 20-25 grams of the sample into a distillation flask, dilute with 100 cc. of 
water, distil nearly 100 cc. and weigh the distillate or make to volume at 20°G. and, in 
either case, determine the specific gravity as directed under 1. Obtain the correspond- 
ing percentage of alcohol by weight from XXX, Table 7, multiply this figure by the 
weight of the distillate, and divide by the weight of the sample taken to obtain the 
per cent of alcohol by weight. 

The alcohol content of the distiUate may be checked by determining the inunersion 
refractometer reading and obtaining, from XXX, Table 8, the percentage of alcohol. 

ALCOHOL BY VOLUMB. 

3 Method L'-Qffieial. 

From the specific gravity of the distillate, obtained under 2, ascertain the corre- 
sponding percentage of alcohol by volume from XXX, Table 7. Multiply this figure 
by the volume of distillate and divide by the volume of the sample (calculated from the 
specific gravity) to obtain the percentage of alcohol by volume in the original sample. 

4 Mdhod ir.-OfficiaL 

■ » 

Measure 25 cc. of the sample at 20^C. into a distillation flask, dilute with 100 cc. 
of water, distil nearly 100 cc, make to volume at 20^G. and determine the specific 
gravity as directed in 1. Obtain, from XXX, Table 7, the corresponding percentage 
of alcohol by volume in the distillate. Multiply by 4 to obtain the percentage ef 
alcohol by volume in the original substance. 

The alcohol content of the distillate may be checked by determining the immersion 
refractometer reading and obtaining the percentage of alcohol from XXX, Table 8. 

5 EXTRACT.— OFnCIAL. 

Weigh, or measure at 20^G., 100 cc. of the sample, evaporate nearly to dryness on 
a water bath, then transfer to a water oven, and dry at the temperature of boiling 
water for 2.5 hours. 

6 ASH.-^FnCIAL. 

Proceed as directed under VII, 4, employing the residue from the determination 
of the extract, 5. 

7 ACIDlTT.-OFnCIAL. 

Titrate 100 cc. of the sample (or 50 cc. diluted to 100 cc. if the sample is dark) with 
N/10 alkali, using pbenolphthalein as an indicator. Express the result as acetic acid; 
1 cc. of N/10 alkali is equivalent to 0.0060 gram of acetic acid. 

181 
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8 BSTERS.-OFFICIAL. 

Measure 200 cc. of the sample into a distillation flask, add 25 cc. of water and distil 
slowly 200 cc., using a mercury valve to prevent loss of alcohol. Exactly neutralize 
the free acid in 50 cc. of the distillate with N/10 alkali, add a measured excess of 25-50 
cc. of N/10 alkali, and either boil for an hour under a reflux condense, cool and titrate 
with N/10 acid, or allow the solution to stand overnight in a stoppered flask with the 
excess of alkali, heat with a tube condense for 30 minutes at a temperature below the 
boiling point, cool and titrate. Calculate the number of cc. of N/10 alkali used in the 
saponification of the esters as ethyl acetate; 1 cc. of N/10 alkali is equivalent to 0.0088 
gram of ethyl acetate. Run a blank, using water in place of the distillate, and make 
any necessary correction. 

ALDBHYDBS.— OFnClAL. 

9 REAGENTS. 

(a) Aldehyde-free aicohol. — Redistil 95 per cent alcohol over sodium or potassium 
hydroxid, then add 2-3 grams per liter of meta-phenylendiamin hydrochlorid, digest 
at ordinary temperature for several days (or under a reflux condenser on a steam bath 
for several hours) and then distil slowly, rejecting the finft 100 cc. and the last 200 cc. 
of the distillate. 

(b) Sulpkite-fuchsin solution. — Dissolve 0.50 gram of pure fuchsin in 500 cc. of water, 
then add 5 grams of sulphur dioxid dissolved in water, make up to 1 liter and allow to 
stand until colorless. This solution does not keep indefinitely; therefore, prepare it in 
small quantities and keep at a low temperature. 

(C) Siandard acetaldehyde solution. — Prepare according to the directions of Vasey' 
as follows: Grind aldehyde ammonia in a mortar with anhydrous ether and decant 
the ether. Repeat this operation several times, then dry the purified salt in a current 
of air and finaUy in vacuo over sulphuric acid. Dissolve 1.386 grams of this purified 
aldehyde ammonia in 50 cc. of 95 per cent alcohol by volume, add 22.7 cc. of N/1 
alcoholic sulphuric acid, then make up to 100 cc. and add 0.8 cc. of alcohol for the vol- 
ume of the ammonium sulphate precipitate. Allow the mixture to stand overnight and 
filter. This solution contains 1 gram of aoetaldehyde in 100 cc and will retain its 
strength. 

The standard found most convenient for use is 2 cc. of this strong aldehyde solution 
diluted to 100 cc. with 50 per cent alcohol by voliuue. One cc. of this solution is equiva- 
lent to 0.0002 gram of acetaldehyde. This solution should be made up fresh every day 
or so, as it loses strength. 
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DETERMINATION. 



Determine the aldehyde in .the distillate, prepared as directed under 8. Dilute 
5-10 cc. of the distillate to 50 cc. with aldehyde-free alcohol (50 per cent by volume), 
add 25 cc. of the sulphite-fuchsin solution and allow to stand for 15 minutes at 15*^G. 
The solutions and reagents should be at 15**G. when they are mixed. Prepare standards 
of known strength and blanks in the same way. The comparison standards found 
most convenient for use contain 0.0001, 0.0002, 0.0003, 0.0004, 0.0005 and 0.0006 
gram of acetaldehyde. 

FDRFXJRAL.— OIVICIAL. 
11 REAGENT. 

Standard furfural solution. — Dissolve 1 gram of redistilled furfural in 100 cc. of 95 
per cent alcohol by volmne. Standards BTPi mode by diluting 1 cc. of this solution 
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to 100 cc. with 50 per cent alcohol by volume. One cc. of this solution contains 0.0001 
gram of furfural. The strong furfural solution will retain its strength but the dilute 
solution will not. 

12 DETERMINATION. 

V 

Dilute 10-20 cc. of the distillate, as prepared under 8, to 50 oc. with furfural-free 
alcohol, 50 per cent by volume. Add 2 cc. of colorless anilin and 0.5 cc. of hydro- 
chloric acid (sp. gr. 1.125) and keep for 15 minutes in a water bath at about 15°C. 
Prepare standcutls of known strength and blanks in the same way. The comparison 
standards found most convenient for use contain 0.00005, 0.0001. 0.00015, 0.0002. 
0.00025 and 0.0003 gram of furfural. 

FUSBL OIL.— OFFICIAL. 

13 REAGENTS. 

(a) Purified carbon ielrachtorid. — Mix crude carbon tetrachlorid with one-tenth its 
volume of concentrated sulphuric acid, shake thoroughly at frequent intervals and 
allow to stand overnight. Wash free of acid and impurities with tap water. Remove 
the water, add an excess of sodium hydroxid scdution and distil the carbon tetrachlorid 
from it. 

The refuse carb<m tetrachlorid after titration is purified for further work by collect- 
ing in a large bottle, adding concentrated sodium hydroxid solution, shaking, then 
washing with tap water until the washings are neutral to phenolphthalein and distilling. 

(b) Oxidizing solution, — Dissolve 100 grams of potassium dichromate in 900 cc. of 
water and add 100 cc. of concentrated sulphuric acid. 

14 DETERMINATION. 

(1) To 100 cc. of the sample add 20 cc. of N/2 sodium hydroxid and saponify the 
mixture by boiluig for an hour under a reflux condenser; or, (2) Mix 100 oc. of the 
liquor with 20 cc. of N/2 sodium hydroxid, allow to stand overnight at room tempera- 
ture and distil directly. Connect the flask with a distillation apparatus, distil 90 cc, 
add 25 cc. of water and continue the distillaUcxi untU an additional 25 oc. are collected. 

Wlienever aldehydes are present in excess of 15 parts per 100,000, add to the dis- 
tillate 0.5 gram of meta-phenylendiamin hydrochlorid, boil under a reflux condenser 
for an hour, distil 100 cc, add 25 cc. of water and continue the distillation until an 
additional 25 oc. are c<^ected. 

Approximately saturate the distillate with finely ground sodium chlorid and add 
saturated sodium chlorid solution until the specific gravity is 1.10. 

Extract this salt solution four times with the purified carbon tetrachlorid« using 40, 
30, 20 and 10 cc, respectively, and wash the carbon tetrachlorid three times with 50 
cc. portions of saturated sodium chlorid solution, and twice with saturated sodium 
sulphate solution. Then transfer the carbon tetrachlorid to a flask containing 50 cc. 
of the oxidizing solution and boil for 8 hours under a reflux condenser. 

Add 30 cc. of water and distil untU only about 20 cc. remain; add 80 cc. of water 
and again distil until 15-20 cc. are \^ft. Neutralize the distillate to methyl orange, 
and titrate with N/10 sodium hydroxid, using phenolphthalein as an indicator. If the 
distillations have been properly conducted, the distillate will not show a marked acid 
reaction to methyl orange. Should considerably more than 1 cc. of N/10 alkali be 
consumed at this point, the result will be unreliable and the determination should be 
repeated. One cc. of N/10 sodium hydroxid is equivalent to 0.0088 gram of amyl 
alcohol. 

Rubber stoppers can be used in the saponification and first distillation, but corks 
covered with tinfoil must be used in the oxidation and second distillation. Corks and 
tinfoil must be renewed frequently. 
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Conduct a blank determination upon 100 cc. of carbon tetrachlorid, beginning the 
blank at that point of the procedure inunediatdy after the extraction and just before 
the washings with sodium chlorid and sodium sulphate solutions. 

15 9nGABS.-OmCIAL. 
Proceed as directed under XV, 13, 14 or 15. 

METHYL ALCOHOL. 

16 TrilUU Meihod^.'-Qffieial. 

To 50 cc. of the sample add 50 cc. of water and 8 grams of lime and fractionate by 
the aid of Glinsky bulb tubes. Dilute the first 15 cc. of the distillate to 150 cc., mix 
with 15 grams of potassium dtchromate and 70 cc. of sulphuric acid (1 to 5) and allow 
to stand for an hour with occasional shaking. 

Distil, reject the first 25 cc. and collect 100 cc. Mix 50 cc. of the distillate with 1 cc. 
of redistilled dimethylanilin, transfer to a stout, tightly stoppered flask and keep on 
a bath at 70^-S(fC, for 3 hours with occasional shaking. Make distinctly alkaline 
with sodium hydroxid solution, and distil off the excess of dimethylanilin, stopping 
the distillation when 25 cc. have passed over. 

Acidify the residue in the flask with acetic acid, shake and test a few cc. by adding 
4 or 5 drops of a 1 per cent suspension of lead dioxid. If methyl alcohol is present, a 
blue coloration occurs which is increased by boiling. 

Ethyl alcohol thus treated yields a blue coloration changing immediately to green, 
later to yellow, and becoming colorless when boiled. 

17 Hiche and Bardy Method*. — Official. 

The following method for the detection of methyl alcohol in conunercial spirit of 
wine depends on the formation of methylanilin violet: 

Place 10 cc. of the sample, previously redistilled over potassium carbonate if neces- 
sary, in a small flask with 15 grams of iodin and 2 grams of red phosphorus. Keep 
in ice water for 10-15 minutes until action has ceased. Distil off, on a water bath, 
the methyl and ethyl iodids formed into about 30 cc. of water. Wash with dilute 
alkali to eliminate free iodin. Separate the heavy, oily liquid which settles and transfer 
to a flask containing 5 cc. of anilin. If the action be too violent, place the flask in cold 
water; if too slow, stimulate by gently warming the flask. After an hour boil the 
product with water, cool and add about 20 cc. of 15 per cent sodium hydroxid solution; 
when the bases rise to the top as an oily layer, fill the flask up to the neck with water 
and draw them off with a pipette. Oxidize 1 cc. of the oily liquid by adding 10 grams 
of a mixture of 100 parts of clean sand, 2 of common salt, and 3 of cupric nitrate, mix 
thoroughly, transfer to a glass tube and heat to 90^C. for 8-10 hours. Exhaust the 
product with warm alcohol, filter and make up to 100 cc. with alcohol. If the sample 
of spirits is pure, the liquid has a red tint, but, in the presence of 1 per cent of methyl 
alcohol, it has a distinct violet shade; with 2.5 per cent the shade is very distinct, and 
still more so with 5 per cent. To detect more minute quantities of methyl alcohol, 
dilute 5 cc. of the colored liquid to 100 cc. wfth water, and dilute 6 cc. <^ this again 
to 400 cc. Heat the liquid thus obtained in a porcelain dish and inunerse in it a frag- 
ment of white merino (free from sulphur) for 30 minutes. If the alcohol is pure, the 
wool will remain white, but, if methyl alcohol is present, the fiber will become violet, 
the depth of tint giving a fairly approximate indication of the proportion of methyl 
alcohol present. 

18 Immersion Refractomeier Method*. — Official. 

Determine by the iomiersion refractometer at 20°G. the refraction of the distillate 
obtained in the determination of alcohol. If, on reference to the table under 19, the 
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refraction shows the percentage of alcohol agreeing with that obtained from the specific 
gravity, it may safely be assumed that no methyl alcohol is present. If, however, 
there is an appreciable amount of methyl alcohol, the low refractometer reading will 
at once indicate the fact. If the absence from the solution of refractive substances 
other than water and the alcohols is assured, this difference in refraction is conclusive 
of the presence of methyl alcohol. 

The addition of methyl alcohol to ethyl alcohol decreases the refraction in direct 
proportion to the amount present; hence the quantitative calculation is readily made 
by interpolation in the table under 19, using the figures for pure ethyl and methyl 
alcohol of the same alcoholic strength as the sample. 

Example. — ^The distillate has a specific gravity of 0.97080, corresponding to 18.38 
per cent alcohol by weight, and has a refraction of 35.8 at 20^G. by the inmaersion 
refractometer; by interpolation in the refractometer table the readings of ethyl and 
niethyl alcohol corresponding to 18.38 per cent alcohol are 47.3 and 25.4, respectively, 
the difference being 21.9; 47.3 -35.8 » 11.5; (1 1. 5 •^21. 9) 100 » 52.5, showing that 52.5 
per cent of the total alcohol present is methyl alcohol. 
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20 COLORIHO 1CATTBR&— TBHTATIVB. 

Proceed as directed under X. 

21 WATER-mSOLUBLE COLOR IN WBHSKIBS.— TBIITATIVE. 

Evaporate 50 cc. of the sample just to dryness on a steam bath. Take up with 
cold water, using approximately 15 oc., filter and wash until the filtrate amounts to 
nearly 25 cc. To this filtrate add 25 oc. of absolute alcohol, or 26.3 cc. of 95 per cent 
alcohol by volume, and make up to 50 cc. with water. Mix thoroughly and compare 
in a colorimeter with the original material. Calculate from these readings the per cent 
of color insoluble in water. 

22 COLORS mSOLDBLB IN AMTL ALCOHOL.— TENTATIVB. 

Evaporate 50 cc. of whisky just to dryness on a steam bath. Dissolve the residue 
in water and 95 per cent alcohol by volume and make to a volume of 50 cc., using a 
total volume of 26.3 cc. of 95 per cent alcohol. Place 25 cc. of this solution in a separa- 
tory funnel and add 20 cc. of freshly shaken Marsh reagent (100 cc. of pure amyl 
alcohol, 3 cc. of sinipy phosphoric acid and 3 cc. of water), shaking lightly so as not to 
form an emulsion. Allow the layers to separate and repeat this shaking and standing 
twice again. After the layers have separated completely draw ofiP the lower or aqueous 
layer, which contains the caramel, into a 25 cc. cylinder and make up to volume with 
50 per cent alcohol by volume. Compare this solution in a colorimeter with the 
untreated 25 cc. Calculate the result of this reading to the per cent of color insoluble 
in amyl alcohol. 

23 CARAMEL^— TBNTATIVB. 

Add 10 cc. of paraldehyde to 5 cc. of the sample in a test tube and shake. Add 
absolute alcohol, a few drops at a time, shaking after each addition until the mixture 
becomes clear. Allow to stand. Turbidity after 10 minutes is an indication of caramel. 
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ZVn. BEERS. 

(Unless otherwise noted, express results as grams per 100 cc.) 

1 PRBPAKATIOir OF SAMPLE.— OPflCIAL, 

Remove carbon dioxid by transferring the sample to a large flask and shaking 
vigorously or by pouring back and forth between beakers, care being taken that 
the temperature of the beer is not below 20^G. 

2 COLOR.— TBNTATIVB. 

Determine the depth of color of the sample in a } inch cell with a Lovibond 
tintometer, using the beer scale. Express the result in terms of a J inch cell. 

3 SPECIFIC GRAVITY.— OFFICIAL. 

Determine the specific gravity at ^o by means of a pycnometer as directed under 

XV, 3. 

4 ALCOHOL.— OFFICIAL. 
Determine as directed under XV, 4. 

EXTRACT. 

5 Method L— Official. 

Measure 25 cc. of the carbon dioxid-free beer at 20*'C. into a tared, flat-bottomed 
platinum dish, approximately 85 mm. in diameter, evaporate just to dryness on a 
steam bath and heat to constant weight in a vacuum oven at 70^G. 

6 Method IL—Teniatitfe. 

The immersion refractometer reading of the beer at 20^C., minus the immersion 
refractometer reading of the distillate at 20°C. times 0.2571, equals the grams of extract 
in 100 cc. of beer. 

7 Method HI,— Official 

Calculate the specific gravity of the dealcoholized beer by the following formula: 

S=«G-|-1-A in which 

S » the specific gravity of the dealcohoHaed beer; 

G = the specific gravity of the beer; and 

A » the specific gravity of the distillate obtained in the determination of alcohol. 

From XXX, Table 3, ascertain the per cent by weight of extract in the dealcoholized 
beer corresponding to the value of S. Multiply the figure thus obtained by S to obtain 
the grams of extract per 100 cc. of beer. 

8 EXTRACT OF ORIOIlf AL WORT (APPROXIMATE).— OFFICIAL. 

Calculate the grams of extract per 100 cc. in the original wort by the following 

formula: 

= 2A+E in which 

= extract of the original wort; 

A —alcohol (grams per 100 cc.); and 

E» extract of the dealcoholized beer (grams per 100 cc.). 
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9 DBGRBB OF FERMENTATION.— OFVICIAL. 

Calculate the degree of fermentation by the following formula: 

^ 100X2A . I , . . 
" — fl — in which 



D » degree of fermentation; 

A » alcohol (grams per 100 cc.); and 

O » extract oi original wort. 

10 TOTAL ACmS.— OFnCIAL. 



Proceed as directed under XV, 23. Express the result as lactic acid, grams per 
100 cc. One cc. of N/10 sodium hydroxid is equivalent to 0.0090 gram of lactic acid. 

11 VOLAT1LB ACIDS.— OFFICIAL. 

Proceed as directed under XV, 25. Express the result as acetic acid, grams per 
100 cc. 

12 REDUCING SUGARS.— OFFICIAL. 

Dilute 25 cc. of the carbon dioxid-free beer, measured at 20^G., with water at the 
same temperature to 100 cc. Determine the reducing sugars in 25 cc. of this solution, 
as directed under VII, 41. Express the result as grams of anhydrous maltose per 
100 cc. of beer. 

13 DEXTRIN.— TENT ATIVB. 

To 50 cc. of the carbon dioxid-free beer measured at 20°G., add 15 oc. of hydro- 
chloric acid (sp. gr. 1.125), dilute to 200 cc., attach to a reflux condenser and keep in 
a boiling water bath for 2 hours. Cool, nearly neutralize with sodium hydroxid solu- 
tion, complete to a volume of 250 cc., filter and determine dextrose as directed under 
VII, 51 or 53. From the number of grams of dextrose per 100 cc. of beer, subtract 
1.053 times the amount of maltose as found in 12 and multiply the remainder by 0.9 
to obtain the number of grams of dextrin per 100 cc. of beer. 

14 DIRECT POLARIZATION.—TBNTATIVE. 

Read the polarization of the original sample in degrees Ventzke in a 200 mm. tube 
at 20**G. If the beer is turbid, clarify by shaking with alumina cream, filter and correct 
the reading for dilution. 

15 GLTCEROt.— OFFICIAL. 
Proceed as directed under XV, 6. 

16 ASHw^-OFFIClAL. 

Evaporate to dryness 25 cc. of the carbon dioxid-free sample, measured at 20°C., 
and proceed as directed under VII, 4. 

17 PHOSPHORIC ACID.— OFFICIAL. 

To 25 cc. of the carbon dioxid-free beer, measured at 20°C., add 20 cc. of 2 per cent 
calcium acetate solution, evaporate to dryness and ignite at low redness to a white ash. 
Add 10-15 cc. of boiling nitric acid (1 to 9) and determine phosphoric acid (P^Oa) as 
directed under I, 9. 
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18 PROTEIN.— oFnaxL. 

Measure, at 20°G., 25 cc. of the carbon dioxid-free beer into a Kjeldahl digestion 
flask, add a small amount of tannin to prevent frothing, evaporate to dryness, deter- 
mine nitrogen as directed under I, 18, 21 or 23, multiply the result by 6.25 and calcu- 
late the percentage of protein. 

19 • PRBSBRVATTVBS.— OFnCIAL. 
Proceed as directed under IX. 

20 COLOBING MATTER&^TBNTATIVE. 
Proceed as directed under X. 

21 MSTAL&r-TBNTATIVB* 
Proceed as directed under XI. 



XVm. VINEGARS. 

(Unless otherwise noted, express results as grams per 100 oc.) 

1 ^ PHYSICAL BXAMINATION.--OFFICIAL. 
Note the appearance, color, odor and taste. 

2 PRSPARATION OF SAMPUL— OFnCIAL. 

If the sample is turbid, filter before proceeding with the analysis. 

3 SPBOIFIC ORAVITY. — OVPICIAL. 

20° C 

Determine the specific gravity at ^4;-' by means of a pycnometer, as directed under 

XV, 3. 

4 ALCOHOL.— OFnCIAL. 

Measure 100 cc. of the sample into a round-bottomed distillation flask. Make faintly 
alkaline with saturated sodium hydroxid solution, add a small piece of paraffin, distil 
almost 50 cc., make up to 50 cc. at the temperature of the sample and determine the 

Specific gravity at -'^' by means of a pycnometer. Obtain from XXX, Table 7, the 

per cent by volume, or grams per 100 cc., noting that the alcoholic strength of the 
distillate is twice that of the original vinegar. 

OLTCBROU--OKFICIAL. 

5 REAGENTS. 

(a) Strong potassium diehromate solation. — ^Dissolve 74.56 grams of dry, recrystallized 
potassium diehromate in water, add 150 cc. of concentrated sulphuric acid, cool and 
make up to 1 liter at 20^G. One cc. of this solution is equivalent to 0.01 gram of 
glycerol. The high coefficient of expansion of this strong solution makes it necessary 
that all volumetric measurements of the solution be made at the same temperature 
at which it was made up. 

(b) Dilute potassium diehromate solution, — Measure 25 cc. of the strong potassium 
diehromate solution at 20°C. into a 500 cc. volumetric flask, dflute with* water and 
make up to the mark at room temperature. Twenty cc. of this solution are equivalent 
to 1 cc. of (a). 

(C) Ferrous ammonium sulphate solution, — Dissolve 30 grams of crystallized ferrous 
ammonium sulphate in water, add 50 cc. of concentrated sulphuric acid, cool and 
dilute with water to 1 liter at room temperature. One cc. of this solution is approxi- 
mately equivalent to 1 cc. of (b). Its value changes slightly from day to day and it 
must be standardized against (b) whenever used. 

(d) Potassium ferricyanid indicator. — Dissolve 1 gram of crystallized potassium fer- 
ricyanid in 50 cc. of water. This solution must be freshly prepared. 

(e) Milk of lime, — Introduce 150 grams of calcium oxid, selected from clean, hard 
lumps, prepared preferably from marble, into a large porcelain or iron dish, slake with 
water, cpol and add sufiicient water to make 1 liter. 
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(f ) Silver carbonate, — Dissolve 0.1 gram of silver sulphate in about 50 oc. of water, 
add an excess of sodium carbonate solution, allow the precipitate to settle and wash 
with water several times by decantation imtil the washings are practically neutral. 
This reagent must be freshly prepared immediately before use. 

6 DETERMINATION. 

All evaporations should be made on a waier bath, the temperature of which is jnairUained 
at Sd^'-WC. 

Evaporate 100 cc. of the vinegar to 5 oc., add 20 cc. of water and again evaporate 
to 5 cc. to expel acetic acid. Treat the residue with about 5 grams of fine sand and 
15 cc. of the milk of lime and evaporate almost to dryness, with frequent stirring, 
avoiding the formation of a dry crust or evaporation to complete dryness. Treat the 
moist residue with 5 cc. of water, rub into a homogeneous paste and then add slowly 
45 cc. of absolute alcohol, washing down the sides of the dish to remove adhering paste, 
and stir thoroughly. Heat the mixture on a water bath, with constant stirring, to 
incipient boiling, transfer to a suitable vessel and oentrifugalise. Decant the clear 
liquid into a porcelain dish and wash the residue with several small portions of hot 
90 per cent alcohol by volume by aid of the centrifuge. (If a centrifuge is not avail- 
able, decant the liquid through a folded filter into a porcelain dish. Wash the residue 
repeatedly with small portions of hot 90 per cent alcohol, twice by decantation, and 
then by transferring all the material to the filter. Continue the washing until the 
filtrate amounts to 150 cc.) Evaporate to a sirupy consistency, add 10 cc. of absolute 
alcohol to dissolve this residue and transfer to a 50 cc. glass-stoppered cylinder, washing 
the dish with successive small portions of absolute alcohol until the volume of the 
solution amounts to 20 cc. Then add three portions of 10 oc. each of anhydrous ether, 
shaking thoroughly after each addition. Let stand until clear, then pour off through 
a filter, and wash the cylinder and filter with a mixture of two volumes of absolute 
alcohol and three of anhyrous ether. If a heavy precipitate has formed in the cylinder, 
centrifugalize at low speed, decant the clear liquid and wash three times with 20 cc. 
portions of the alcohol-ether mixture, shaking the mixture thoroughly each time and 
separating the precipitate by means of the centrifuge. Wash the paper with the 
alcohol-ether mixture, and evaporate the filtrate and washings on the water bath to 
about 5 cc., add 20 cc. of water and again evaporate to 5 oc.; again add 20 cc. of water 
and evaporate to 5 cc.; finally add 10 cc. of water and evaporate to 5 cc. 

These evaporations are necessary to remove all the ether and alcohol, and, when 
conducted at 85^-90^0., result in no loss of glycerol if the concentration of the latter 
is less than 50 per cent. 

Transfer the residue with hot water to a 50 cc. graduated flask, cool, add the silver 
carbonate, prepared from 0.1 gram of silver sulphate, shake and allow to stand 10 
minutes; then add 0.5 cc. of basic lead acetate solution [VII, 13 (SI)], shake occasion- 
ally and allow to stand 10 minutes; make up to the mark, shake well, filter, rejecting 
the first portion of the filtrate, and pipette 25 cc. of the clear filtrate into a 250 cc. 
volumetric flask. 

Add 1 cc. of concentrated sulphuric acid to precipitate the excess of lead and then 
30 cc. of the strong potassium dichromate solution. Add carefully 24 cc. of concen- 
trated sulphuric acid, rotating the flask gently to mix the contents and avoid violent 
ebullition, and then place in a boiling water bath for exactly 20 minutes. Remove 
the flask from the bath, dilute, cool and make up to the mark at room temperature. 
The amount of strong dichromate solution used must be sufficient to leave an excess 
of about 12.5 cc. at the end of the oxidation, the amount given above (30 oc.) being 
sufficient for ordinary vinegar containing about 0.35 gram or less of glycerol per 100 cc. 
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Standardize the ferrous anuaomum sulphate solution against the dilute potassium 
dichromate solution by introducing from the respective burettes approximal^eiy 20 oc. 
of each of these solutions into a beaker containing 100 cc. of water. Complete the 
litraticm using the potassium ferricyanid solution as an outside indicator. From this 
titration calculate the volume (F) of the ferrous ammonium sulphate solution equiva- 
lent to 20 cc. of the dilute and, therefore, to 1 cc. of the strong dichromate solution. 

In place of the dilute dichromate solution, substitute a burette containing the oxidized 
glycerol with an excess of the strong dichromate solution and ascertain how many cc. 
are equivalent to (F) cc. of the ferrous ammonium sulphate solution and, therefore, to 

I cc. of the strong dichromate solution. Then 250, divided by this last equivalent, 
equals the number of cc. of the strong dichromate solution present in excess in the 
250 cc. flask after oxidation of the glyc^ol. 

The number of cc. of the strong dichromate solution added, minus the excess found 
after oxidation, multiplied by 0.02, gives the grams of glycerol per 100 cc. of vinegar. 

7 SOUDS.— OFnCIAL. 

Measure 10 cc. of the saipple into a tared, flat-bottomed platinum dish of 50 mm. 
bottom diameter, evaporate on a boiling water bath for 80 minutes, and dry for exactly 
2.5 hours in a water oven at the temperature of boiling water. Cool in a desiccator 
and weigh. In order that concordant results may be obtained, it is necessary to use 
a dish of the size and shape stated and to dry for exactly the time specified. 

8 TOTAL RBDVCIHG SUBSTAUCSS BKFORB INVSRSIOIf-OFFICUL. 

Proceed as directed under VII, 25, using 10 cc. of the sample. In the case of malt 
vinegar, express the results as dextrose; in all other cases, as invert sugar. 

9 REDUCING SUGARS BEFORE INVERSION AFTER EVAPORATION.— OFHCIAL. 

Evaporate 50 cc. of the sample on a water bath to a volume of 5 cc. Add 25 cc. 
of water and again evaporate to 5 cc. Transfer to a 100 cc. volumetric flask, make 
up to the mark, and proceed as directed under 8, using a quantity equivalent to 10 
or 20 cc. of the sample. 

10 REDUCING SUGARS AFTER INVERSION.— OFFICIAL. 

Proceed as directed under 9. Aft^r the last evaporation to 5 cc. transfer to a 100 cc. 
volumetric flask with 70 cc. of water, and invert as directed under VII, 14. Nearly 
neutralize with sodium hydroxid solution, make up to the mark and proceed as directed 
under VII, 25, using a quantity equivalent to 10 or 20 cc. of the sample. 

II LEAD PRECIPITATE.— TENTATIVE. 

To 10 cc. of the sample in a test tube, add 2 cc. of 20 per cent neutral lead acetate 
solution, shake and let stand 30 minutes. Describe the precipitate as turbid, light, 
normal, heavy or very heavy. 

12 POLARIZATION.— TENTATIVE. 

If the lead precipitate is normal, add to 50 cc. of the sample 5 cc. of basic lead acetate 
solution [VII, 13 (a)], shake, let stand 30 minutes, filter and polarize, preferably in 
a 200 mm. tube, correcting for dilution. If basic lead acetate gives only a turbidity, 
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add to the sample, already treated with basic lead acetate, 10 cc. of alumina cream 
[VII, 13 "(b)], shake, let stand 30 minutes, filter and polarize, correcting for dilution. 
In the case of malt vinegar, treat 100 cc. of the sample with 5 cc. of 10 per cent phos- 
photungstic acid solution and fiUter. To 50 cc. of the filtrate add 5 cc. of the basic lead 
acetate solution, filter and polarize, correcting the reading obtained for dilation. 

13 ASH.— OFFICIAL. 

(a) Measure 25 cc. of the vinegar into a tared platinum dish, evaporate to dryness 
on a steam bath and proceed as directed under VII, 4. 

(b) Evaporate 25 cc. of the sample to dryness as directed under (a), heat in a muflle 
at low heat to expel inflammable gases, treat the charred portion with a few cc. of 
water, and evaporate to dryness on a water bath; replace in the muffle at low redness 
for 15 minutes, and continue the alternate evaporation and heating until a white or 
gray ash is obtained, at no time exceeding a dull red heat; cool in a desiccator and weigh. 

Useful information may often be obtained by noting the odor given off by the solids 
during charring. 

14 SOLUBLB AND INSOLUBLE ASH.— OFFICIAL, 
Treat the ash, obtained in 13, as directed under VIII, 14. 

15 ALKAUNITY OF THS SOLUBLE ASH.— OFHCIAL. 

Proceed as directed under VIII, 15, expressing the result as the number of cc. of 
N/10 hydrochloric acid required to neutralize the soluble ash from 100 cc. of the vinegar. 

In case the rdati<Mi of the ash and alkalinity of the soluble ash is abnormal, the 
composition of the ash should be studied, esjiecially as to content of chlorids, sulphates, 
phosphates and alkalies. 

16 SOLUBLE AND INSOLUBLE PHOSPHORIC ACID.— OFHCIAL. 

Determine phosphoric acid in the water-soluble and water-insoluble portions of the 
ash as directed imder I, 9, dissolving the water-insoluMe portion in about 50 cc. of 
boiling nitric acid (1 to 9). Express the result as mg. of phosphorus pentoxid (PsO*) 
in 100 cc. of the vinegar. 

17 TOTAL ACIDS.— OFFICIAL. 

Dilute 10 cc. of the sample with recently boiled and cooled water until it appears 
very slightly colored, and titrate with N/2 alkali, using phenolphthalein as an indicator. 
One cc. of N/2 alkali is equivalent to 0.030 gram of acetic acid. 

18 FIXED ACIDS.— OFFICIAL. 

Measure 10 cc. of the vinegar into a 200 cc. porcelain casserole, evaporate just to 
dryness, add 5-10 cc. of water, and again evaporate; repeat until at least five evapora- 
tions have taken place. Add about 200 cc. of recently boiled and cooled water and 
titrate with N/10 alkali, using phenolphthalein as an indicator. One cc. of N/10 
alkali is equivalent to 0.0067 gram of malic acid. 

19 VOLATILE ACIDS.— OFFICIAL. 

To obtain the volatile acids subtract the fixed acids, calculated as acetic acid, from 
the total acids. 
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20 COLOK^-OmCIAL. 

Determine the depth of color in a Lovibond tintometer by good, reflected daylight, 
using a } inch cell and the brewer's scale. ExfM^ss the result in terms of a } inch cell. 

21 VORMIC 1GID>.-0J1ICIAL« 

Employ the apparatus described under IX, 40, Fig. 4. Introduce 100 cc. of the 
sample into flask (A), add 0.4-0.5 gram of tartaric acid, and place in position as shown 
in Fig. 4, the flask (B) having previously been charged with a suspension of 15 grams 
of calcium carbonate in 100 cc. of water. Heat the contents of flasks (A) and (B) to 
boiling and distil with steam from the generator (5), the vapor passing first through 
the sample in flask (A), then through the boiling suspension of calcium carbonate in 
flask (B), after whkhit is condensed and measured in the receiver (€)• Maintain the 
volume of liquid in flask (B) as nearly constant as possible and reduce the volume of 
the sample in flask (A) to 30-40 cc. by heating with small Bunsen flames, the distilla- 
tion being continued until 1 liter of distillate is collected. Disconnect the apparatus, 
filter the calcium carbonate suspension, and wash the calcium carbcmate that remains 
on the paper with a little hot water. Render the filtrate faintly acid with hydrochloric 
acid, add 10**15 oc. of mercwio chlorid reagent [IX, 39 (b)], mix and heat on a 
boiling water bath for 2 hours. Filter on a tared Gooch crucible, wash the precipitate 
thoroughly with oold water and finally with a little alcohol. Dry in a boiling water 
oven for 80 minutes, oool in a desiooator, weigh and cakulate the weight of formic 
acid present by multiplying the wei^t of the precipitate by 0.0975. 

22 ALCOHOL PBBCIPITATB^— TBRTATIVB. 

Evaporate 100 cc. of the vinegar to about 15 cc. When there is considerable sugar 
in the vinegar, if the sample is evaporated to too low a volume, a gummy or stringy 
precipitate is formed on adding the alcohol instead of a flocculent <me. When the sugar 
content is high, therefore, evaporate to a volume of not less than 20 cc. To this residue 
add slowly and with constant stirring 200 cc. of 95 per cent alcohol by volujne and allow 
the mixture to stand overnight. From this point proceed as directed under XII, 18, 
beginning with the sentence, ''Filter and wfdi snth 80 per cent alcohol by volume'*. 

23 PBHTOSAirS.— OVMOAL. 

Proceed as directed under VII, 63, except that 100 cc. of the vinegar and 43 cc. of 
hydrochloric acid (sp. gr. 1.19) are used in beginning the distillation. 

TARTARIC ACID AND TASTSATVS. 

24 QualUalive TesL--Offieiai. 

Evaporate 50 cc. of the vinegar in a porcelain dish to a volume of about 10 cc., filter 
into a test tube, add 1 cc. of 25 per cent calcium chlorid solution and 2 oc. of 50 per cent 
ammonium acetate solution and aBow to stand overnight. In the presence of tartaric 
acid a deposit of calcium tartrate is formed, the crystals of which may be identified 
under the microscope by their characteristic form. 

25 TOTAL TARTARIC ACID.— OFFICIAL. 

Evaporate 200 cc of the sample to a sirupy consistency to remove excess of acetic 
acid, dilute to the original voliune with water in a volumetric flask, determine the 
acidity as directed under 17, and determine total tartaric acid in a 100 cc. aliquot as 
directed unda XV, 27, except that 20 cc. of alcohol are used in the precipitation 
instead of 15 cc. 
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FRXB milSRAL ACIDS. 

26 Logwood Method*. — TerdaLne. 

Prepare an extract of logwood as foJlows: Pour 100 cc. of boiling water upon 2 
grams of fresh logwood chips^ aUow the inftiaoii to stand for a few hours and filter. 
Place drops of the liquid on a porcelain surface and dry on a water bath. Add to one 
of the spots a drop of the vinegar to be tested (after concentration if desirable) and 
evaporate to dryness. A yellow tint remains if free mineral acids are absent, a red 
tint if they are present. 

27 Meihyl Violet Method.^TerUative. 

Add 5-10 cc. of water to 5 cc. of vmegar and, after mixing well, add 4 or 6 drops 
of methyl violet solution (1 part of methyl violet 2B in 10,000 parts of water). A 
blue or green coloration indicates the presence of a free mineral acid. 

28 Quantitaiive MeOiod, — Teniaihe* 

To a measured amount of the sample add a measared excess of standard alkali, 
evaporate to dryness, incinerate and titrate the ash with standard acid, using methyl 
orange as an indicator. The difference between the number of cc. of dkali first added 
and the number of oc. of acid needed to titrate the ash represeiits the firee mineral acid 

present. 

29 lOTALS^TmNTATlVB. 

Proceed as directed under XI. 



30 Qualitative TesL^Tentative. 

Evaporate 100 cc. of the vinegar to a volume of about 15 cc. Add slowly and with 
constant stirring 200 oc. of 95 per cent alcohol by volume and allow to stand overnight. 
The precipitate formed should be tested for dextrin by the optical rotation and color 
reaction with iodin. 

SPICES AND ADDED PUNGBIIT MATERIALS. 

31 Qualitative Test.^Tentaiive, 

Neutralize exactly a portion of the vinegar and test by taste and smdU. Agitate the 
liquid with ether in a separatory funnel, remove and evaporate the ethereal layer, and 
note the odor and taste of the residue. 

32 COLORING MATTERS.— TBNTATIVB. 
Proceed as directed under X. 

33 PRESERVATIVES.— OFFICIAL. 
Proceed as directed under IX. 

BIBLIOGRAPHY. 
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XIX. FLAVORING EXTRACTS. 

VANILLA EXTRACT AND ITS SUBSTITUTES. 

1 sPBcmc oRAvrrr.-omciAL. 

Determine the specific gravity at —^ by means of a pycnometer, as directed under 

XV, 3. 

2 ALCOBOU— omcuL. 

Proceed as directed under XVI, 2 or 3. 

3 OLTCBROL.— TBlfTAtlVB. 

Proceed as directed under XV, 5, 6 or 7, the method selected depending upon the 
amount of sugar present, employing an amount of the sample containing 0.10-0.40 
gram of glycerol. 

VAlflLLIH AND COmiARni*.— OmCIAL. 

(This method is not applicable to concentrated vanillin and coumarin preparations in 

which the amount of vanillin and coumarin present in 50 cc. exceeds the quantity 

dissolved by 100 cc. of water at 20^C. In such cases employ a snualler 

amount of the sample and dilute to 50 cc.) 

4 PRBPARATIOrf OF SOLUTION. 

» 

Measure 50 cc. of the extract at 20^C. into a 260 cc. beaker with marks showing 
volumes of 80 and 50 cc., dilute to 80 re. and evaporate to 50 cc. on a water bath kept 
at 7(fC. or below. Dilute again with water to 80 cc. and evaporate to 50 cc. Transfer 
to a 100 oc. flask, rinsing the beaker with hot water; add 25 cc. of 8 pet cent neutral 
lead acetate solution; make up to the mark with water, shake and allow to stand 18 
hours (overnight) at 37°-40^C. Decast into a amall, dry filter, reserving the filtrate 
for the determination of vanillin and coumarin, the lead number. 6, and the residual 
color, 14. 

5 neTERMINATION. 

Transfer a 50 cc. aliquot of the filtrate to a separatory funnel alid extract with four 
successive 15 cc. portions of ether (previously washed twice with an equal volume of 
water to remove alcohol). Wash the combined ether solutions four or five times with 
2 per cent ammonium hydroxid solution (2 per o&at NHs by weight), using 10 cc. the 
first time and 5 cc. thereafter, and reserve the ether solution for the determination of 
coumarin. Slightly acidify the combined ammoniacal solutions with hydrochloric acid; 
cool and extract in a separatory funnel with four portions of washed ether, using about 
40 cc. altogether. Evaporate the ethereal solutions at room temperature, dry over 
sulphuric acid and weigh. If the residue is considerably discolored or gummy, re-extract 
in the dry state with boiling petroleum ether (b. p. 40^C. or below) not less than 15 
times; evaporate the solvent, dry and weigh. The residue should now be white, 
crystalline vanillin, with a melting point of approximately 80^C. A small amount of 
this residue, dissolved in 2 drops of concentrated hydrochloric acid, should develop a 
pink color upon the addition of a crystal of resorcin. 

197 
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Evaporate at room temperature the original ether extract of the sample, from which 
the vanillin has been removed by means of anmionimn hydroxid, and dry over sulphuric 
acid. The residue, if pure coumarin, should meit at approximatdy 67^G. and should 
respond to Leach's test for coumarin as follows) A small portion of the residue, dis- 
solved in not more than 0.5 cc. of hot water, should yield a brown prediHtate upon 
the addition of a few drops of N/10 iodin. This precipitate finally gathers in green 
flecks, leaving a clear, brown solution. The reaction is especially marked if the reag^it 
is applied with a glass rod to a few drops of the solution on a white plate or tile. 

6 HAD mniBSR^— OFnCIAL. 

To a 10 cc. aliquot of the filtrate from the lead acetate precipitate, as obtained in 4, 
add 25 cc. of water, 0.5-1.0 cc. of sulphuric acid, and 100 cc. of 95 per cent alcohol by 
volume. Let stand overnight, filter on a Gooch crucible, wash with 05 per cent alcohol, 
dry at a moderate heat, ignite at low redness for 3 minutes, taking care to avoid the 
reducing flame, and weigh. Conduct a blank determination employing water contain- 
ing 4 or 5 drops of glacial acetic acid in place of the sample. The lead number is cal- 
culated by the foUowing formula: 

p, 100X0.6831 (S-W)_^3^^g_^^ 

O 

P » lead number (grams of metallic lead in the precipitate c^tained from 100 cc. 

of the sample); 
S » grams of lead sulphate corresponding to 2.5 cc. of the lead acetate solution as 

determined in a blank analysis; and 
W » grams of lead sulphate obtained in 10 cc. of the filtrate from the lead acetate 

precipitate, as ootained in 4. 

7 TOTAL 80UD8.--OmCIAL. 

f 

Proceed as directed under VIII, 4, employing 10 cc. o£ the saaifde. 

8 ASH.— OFVICIAU 

Evaporate 10 cc. of the extract and detomine the ash as directed under VII, 4. 

9 A8R COHtSTITUBIfTS. 
Proceed as directed under II or XXVII, 21-26, inclusive. 

10 SUCROSB.-OFnCIAL. 
Delennine as directed under VII, 14 or 18. 

VANILLA RBSIKS. 

11 QualiUUioe Tesi.—Teniaiwe. 

Place 50 oc. of the extract in a glass dish and evaporate the alcohol on a water bath. 
When the alcohol is removed, make up to about the original volume with hot water. 
If alkali has not been used in the manufacture of the extract, the resins will appear 
as a flocculent red to brown residue. Acidify with acetic acid to free the resins from 
the bases, separating the resins completely and leaving a partly decolorized, clear, 
supernatant liquid after standing a short time. CSollect the resins on a filter, wash 
with water and reserve the filtrate for further tests. 

Place a portion of the filter with the attached resins in a few cc. of dilute potassium 
hydroxid solution. The resins are dissolved, giving a deep red solution; acidify, and the 
resins are precipitated. 
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Dissolve a portion of the reams in alcohol. To one portion add a few drops of ferric 
chlorid solution; to another portion, hydrochloric acid; neither produces any marked 
change in color. Most resins, however, in alcoholic solution give color reactions with 
ferric chlorid or hydrochloric acid. 

To a portion of the filtrate obtained above add a few drops of basic lead acetate 
solution. The precipitate is so bulky as to almost solidify, due to the excessive amount 
of organic acids, gums and other extractive matter. The filtrate from this precipitate 
is almost coioriess. 

Test another portion of the filtrate from the resin for tamnn with a solution of gelatin. 
Tannin is present in varying but small quantities, but should not be present in great 
excess. 

12 ICBTHTL ALCOHOL.>-OFnCIAL. 

Proceed as directed under XVI, 16, 17 or 18, using the distillate from the deter- 
mination of alcohol, 2. 

13 COLOR VALUB.— TBHTATIVB. 

Pipette 2 cc. of the extract into a 50 cc. graduated flask and make up to the mark 
with a mixture of equal parts of 95 per cent alcohol by volume and water. Determine 
the color value of this diluted extract in terms of red and ydlow by means of a Lovibond 
tintometer, using a 1 inch cell. To obtain the color value o£ the original extract, 
multiply the figures for each color by 25. 

14 RBSmUAL COLOR AFTSR PRECIPITATION WITH LBAD ACBTATB*^TBRTATIVB. 

Determine the color value, in terms of red and yellow, of the filtrate firom the lead 
acetate precipitate as obtained in 4, using a 1 inch Lovibond cell. Multiply the read- 
ing by 2 to reduce the results to the basis of the original extract. If the actual reading 
of the solution is greater than 5 red and 15 yellow, as may happen if the extract is highly 
colored with caramel, a } or } inch cell should be ^nployed, and the readings multiplied, 
respectively, by 4 cnt 8. Divide the figures for red and yellow, respectively, by the 
corresponding figures of the original extract and multiply the quotients by 100, to 
obtain the percentages of the two colors remaining in the lead acetate filtrate. 

Calculate also the ratio of red to yellow in both extract and lead acetate filtrate. 

15 COLORS INSOLUBLE IN AMTL ALCOHOL.--TBNTATIVB. 

Proceed as directed under XVI, 22, using 26 cc. of the extract and shaking with 
25 cc. of the Marsh reagent instead of 20 cc. 

16 COLORING MATTERS OTHER THAN CARAMEL.— TENTATIVE. 

Proceed as directed under X. 

LEMON AND ORANGE EXTRACTS. 

17 SPECmC GRAVITY.— OFFICIAL. 

Determine the specific gravity at ^o by means of a pycnometer, as directed under 

XV, 3. 

18 ALCOHOL.— OFnCIAL. 

Dilute 50 cc. of the extract, measured at 20*^C., with water to about 200 cc., allow 
the mixture to stand until the oil separates in a clear layer at the top, or centrifugalize. 
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• 

then make up to the mark, using the lower meniscus of the oO. Pour the mixture 
into a dry Erlenmeyer flask containing 5 grams of light magnesium carbonate, stopper, 
shake well and filter quickly through a large, dry, folded filter. Introduce a 150 cc. 
aliquot of the filtrate, measured at 20^C., into a 300-500 cc. distillation flask, attach 
the flask to a vertical condenser and distil almost 100 cc. Complete the volume of 

the distillate to 100 cc. at 20*'C., mix well and determine the specific gravity at ^a 

Ascertain the corresponding per cent of alcohol by volume from XXX, Table 7, and 
multiply the result thus obtained by 2} to obtain the precentage of alcohol by volume 
in the original sample. 

19 OLTCSROL.— tbhtativb. 
Proceed as directed under 3. 

LEMON AIVD ORAN6B OILS. 

20 By Polarizaiion, — Official. 

Without diluting polarize the extract at 20*'C. in a 200 mm. tube. Divide the 
reading in degrees Ventzke by 3.2 in the case of lemon extract and by 5.2 in the case 
of orange extract; in the absence of other optically active substances, tlie result will 
be the percentage of oil by volume. A small amount of cane sugar is occasionally 
present; if so, determine as directed under 28 and correct the reading accordingly. 

21 By PrecipUation, — Official. 

Pipette 20 cc. of the extract into a Babcock milk bottle, add 1 cc. of hydrochloric 
acid (1 to 1), then 25-28 cc. of water previously warmed to 60^G., mix, let stand in 
water at 60*^. for 5 minutes, centrifugalize for 5 minutes, fill with warm water to 
bring the oil into the graduated neck of the flask, again centrifugalize for 2 minutes^ 
place the flask in water at OO^G. for a few minutes and note the per cent of oil by volume. 
If oil of lemon is present in amounts over 2 per cent, add 0.4 per cent to the percentage 
of ofl noted to correct for the solubility of the oil. If less than 2 per cent and more 
than 1 per cent is present, add 0.3 per cent for this correction. 

When the extract is made in accordance with the U. S. P., the results by the methods 
given under 20 and 21 should agree within 0.2 per cent. 

To obtain the per cent by weight from the per cent by volume, as found by either 
of these methods, multiply the volume percentage by 0.S6 in the case of lemon extracts, 
and by 0.85 in tiie case of orange extracts, and divide the result by the specific gravity 
of the original extract. 

TOTAL ALDEHYDES^— OFnCIAL. 

22 REAGENTS. 

(a) Aldehyde-free alcohoL — Allow 95 per cent alcohol by volunie, containing 5 grams 
of meta-phenylendiamin hydrochlorid per liter, to stand for at least 24 hours with 
frequent shaking. (Nothing is gained by previous treatment with potassium hydroxid.) 
Boil under a reflux condenser for at least 8 hours, longer if necessary, allow to stand 
overnight and distil, rejecting the first 10 and the last 5 per cent which come over. 
Store in a dark, cool place in well filled bottles. Twenty-five cc. of this alcohol, on 
standing 20 minutes at 14^-16°C. with 20 cc. of the sulphite-fuchsin solution, should 
develop only a faint pink coloration. If a stronger color is developed, repeat the treat- 
ment with meta-phenylendiamin hydrochlorid as above. 

(b) Sulphiie-fuehsin solution. — Dissolve 0.5 gram of fuchsin in 250 cc. of water, add 
an aqueous solution of sulphur dioxid containing 10 grams of the gas, allow to stand 



XIX] FLAVORING HXTBACTS 20] 

until Goloriess or nearly so and make up to 1 liter with water. Let stand 12 hours 
before using and keep in a refrigerator. This solution is liable to deteriorate and should 
be reasonably fresh when used. 

(C) Standard ciiral solulion. — ^Use 0.5 or 1 mg. of C. P. citral per oc. in 50 per cent 
aldehyde-free alcohol. 
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DETERMINATION. 



Weigh approximately 25 grams of the extract in a stoppered weighing flask, transfer 
to a 50 cc. flask and make up to the mark at room temperature with aldehyde-free 
alcohol. Measure, at room temperature, 2 cc. (or other suitable amount) of this solu- 
tion into a comparison tube. Add 25 cc. of the aldehyde-free alcohol (previously 
cooled to 14''-16''C.), then 20 cc. of the sulpbite-fuchsin solution (also cooled) and 
finally make up to the 50 cc. mark with aldehyde-free alcohol. Mix thoroughly, stopper 
and keep art 14°-16°C. for 15 minutes. Prepare a standard for comparison at the 
same time and in the same maimer, using 2 cc. of the standard citral solution, and 
compare the colors developed. Calculate the amount of citral present and repeat the 
determination, using a quantity sufficient to give the sample approximately the strength 
of the standard. From this result calculate the amount of citral in the samfde. If 
the comparisons are made in Nessler tubes, standards containing 1, 1.5, 2, 2.5, 3, 3.5, 
and 4 mg. of citral, may be prepared and the trial comparison made against these, the 
final comparison being made with standards lying between 1.5 and 2.5 mg. with 0.25 
mg. increments. 

It is absolutely essential to keep the reaf^ents and competiaon tubes at the required 
temperature, 14^-1 6°C. Where the comparisons are made in a bath (this being possible 
only where the bath is of glass), the standards should be discarded within 25 minutes 
after adding the sulpbite-fuchsin solution. Give samples and standards identical 
treatment. 

CITRAL*.— OFFICIAL. 
24 REAGENTS. 

(a) Meia-phenylendiamin hydrochhrid solution. — Prepare a 1 per cent solution of 
meta-phenylendiamin hydrochlorid in 95 per cent alcohol by volume. Decolorize, if 
necessary, by shaking with fuUer'a earth and filter through a double filter. The solu- 
tion should be bright and clear, free from suspended matter, and practically colorless. 
Plrepare this solatton only for immediate use. 

(b) Alcohol, — For the analysis of lemon extracts, 90-95 per cent alcohol by volume 
should be used, but for terpeneless extracts, 40-50 per cent alcohol by volume is 
sufficient. Filter to remove any suspended waaHHUti The alcohol need not be puri|led[ 
from aldehyde. If not practically colorless, render slightly alkaline with sodiun^ 
hydroxid and distil. 
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DETERMINATION. 



All of the operations may be carried on at room temperature. Weigh 25 grams of 
the extract into a 50 cc. graduated flask and make up to the mark with alcohol. Stopper 
the flask and mix the contents thoroughly. Pipette 2 cc. (or other suitable amount) ot 
this solution into a colorimeter tube; add 10 cc. of the meto-phenylendiamin hydro-' 
cfalorid solution and complete the volume to 50 cc. (or other standard volume) with 
alcohol. Compare at once the color with that of the standard, prepared at the same 
time, using 2 cc. of standard citral solution and 10 cc. of the meta-frfienylendiamin 
hydrochlorid solution, and making up to standard volume with alcohol. From the 
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result of this first determinatioii, calculate the amount of standard citral sokitioa that 
should be used in order to give approximately the same citral strength as the sample 
under examination; then repeat the determination. 

26 TOTAL SOLIDS^-OFVICIAL. 

Proceed as directed under XVI, 5, employing 10 cc. of the sample measured at 20''C. 

27 ASH.— omciAL. 

Ignite the residue from 10 cc. of the extract as directed under VII, 4. 

28 S0CROSB.-OFnClAL. 

Neutralize the normal weight of the extract, evaporate to dryness, wash several 
times with ether, dissolve in water and determine as directed under VII, 14 or 18. 

29 MSTRTL ALCOHOL.— OFFICIAL. 

Proceed as directed under XVI, 16, 17 or 18, using the distillate from the deter- 
mination of alcohol, 18. 

Coloring Matters. 

30 GBNBRAL.— TBNTATIVB. 

Proceed as directed under X. 

31 LBMON AND ORANGE PEEL COLOR.— TENTATIVE. 

Place a few cc. of the extract in each of two test tubes; to one, add slowly 3-4 volumes 
of concentrated hydrochloric acid; to the otbo', several drops of concentrated am- 
monium hydroxid. If the color is due to lemon or orange peel only, it is materially 
deepened by such treatment. 

LEMON AND ORANGE OILS. 

32 SPECIFIC GRAVmr.— OFFICIAL. 

Determine the specific gravity at -*-jo~' by means of a pycnometer, as directed under 

XV. 3. 

33 INDEX OF RXFRACTION.<-^FFICIAL. 

Determine the index of refraction with any standard instrument, making the read- 
ing at 20''G. 

34 OPTICAL ROTATION.— OFFICIAL. 

Determine the rotation at 20^G. with any standard instrument, using a 50 mm. 
tube and sodium light. The results should be stated in angular degrees on a 100 nmn. 
basis. If instruments having the sugar scale are used, the reading on orange oils is 
above the range of the scale, but readings may be obtained by the use of standard 
laevo rotatory quartz plates, or by the use of a 25 mm. tube. The true rotation can not 
be obtained by diluting the oil with alcohol and correcting the rotation in proportion 
to the dilution. 
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CITRAU 

Kleher Method'.— Official. 

35 REAGENTS. 

(a) Phenylhydrazin solution, — Prepare a 10 per cent solution in absolute alcohol. 
A sufficiently pure product can be obtained by distilling the coounercial article in 
vacuo, rejecting the first portions coming over which contain aounonia. 

(b) /V/2 hydrochloric acid. 

36 DETERMINATION. 

Weigh accurately about 15 grams of the sample into a small, glass^toppered flask; 
add 10 cc. of the phenylhydrazin solution. Allow to stand 30 minutes at room tempera- 
ture, titrate with N/2 hydrochloric acid, using either methyl or ethyl orange as an 
indicator. Titrate similarly 10 oc. of the phenylhydrazin solution. The difference in 
the number of cc. of N/2 acid used in these two titrations, multiplied by the factor 
0.076, gives the weight of citral in the sample. If difficulty is experienced in detecting 
the end point of the reaction, titrate until the solution is distinctly acid, transfer to a 
separatory funnel, and draw off the alcoholic portioii. Wash the oil with water, adding 
the washings to the alcoholic solution, titrate back with N/2 alkali and make the 
necessary corrections. 

37 Hittner Method*.--Offieial. 

Weigh 2 grams of lemon oil or 8 grams of orange cmI into a 100 cc. graduated flask, 
dilute to the mark with 95 per cent alcohol by volume and proceed as directed under 25, 
using 2 cc. of the dilute solution for the comparison. 

38 TOTAL ALDBHTDBS^-OFFICIAL. 

Weigh a small quantity of the sample into a small, stoppered flask and dilute with 
aldehyde-free alcohol in the proportion of 2 grams of lemon oil or 4 grams of orange 
oil to 1 00 cc. of solution. Determine the total aldehydes as directed under 23, expressing 
the result as citral. 

39 PHYSICAL CONSTANTS OF THE 10 PER CENT DISTILLATB'.>-OFnCIAL. 

Place 50 cc. of the sample in a 3-bulb Ladenburg flask having the main bulb 6 cm. 
in diameter and of 120 cc. capacity and the condensing bulbs of the following dimen- 
sions: 3.5 cm., 3 cm., 2.5 cm. ; the distance from the bottom of the flask to the opening 
of the side arm should be 20 cm. Distil the oil at the rate of 2 cc. per minute until 
5 cc. have been distilled. Determine the refractive index and rotation of this distillate 
as directed under 33 and 34. 

40 PINBNB'.— OFFICIAL. 

Mix the 10 per cent distillate, obtained in 39, with 5 cc. of glacial acetic acid; cool 
the mixture thoroughly in a freezing bath and add 10 cc. of ethyl nitrite. Then add 
slowly, with constant stirring, 2 cc. of hydrochloric acid (2 to 1). Keep the mixture 
in the freezing bath 15 minutes. Filter off the crystals formed, using suction, and 
wash with 95 per cent alcohol by volume. Return the combined filtrate and washings 
to the freezing bath for 15 minutes. Filter off the crystals formed, using the original 
filter paper. Wash the combined crops of crystals thoroughly with alcohol. Dry at 
room temperature and dissolve in a minimum amount of chloroform. Add methyl 



204 IfETHODS OF ANALYSIS [XIX 

alcohol to the chloroform solution, a little at a time, until the nitroeo-chlorids crystallize 
out, mount the separated and dried crystals in olive oil and examine imder the micro- 
scope. Pinene nitroso-chlorid crystals have irregular pyramidal ends while limonene 
nitroso-chlorid crystallizes in needles. 

ALMOND EXTRACT. 

41 ALCOHOI — ^TBIfTATIVE. 

Inasmuch as almond extract usually contains only about 1 per cent of almond oil,, 
the alcohol can, in most cases, be calculated from the specific gravity of the extract. 
If the extract is high in solids, detennine the alcohol as follows: Add 25 cc. of the 
extract, measured at 20^C., to 75 cc. of saturated sodium chlorid solution in a separa- 
tory funnel and extract twice with 50 cc. portions of petroleum ether (b. p. 40®-60''C.). 
Collect the petroleum ether extract in a second separatory funnel and wash twice with 
2 portions (25 cc.) of saturated brine. Combine the original salt solution with the 
washings; add a little powdered pumice and distil into a 100 cc. flask. When almost 
100 cc. have been distilled, make up to the mark with water at 20^C. and determine 
alcohol from the specific gravity, as directed under XVI, 4. 

BBNZALDBHTDB.— TBNTATIVE. 

42 REAGENT. 

Phenylhydraiin solulicn, — Add 3 cc. of glacial acetic acid to 40 cc. of water and mix 
with 2 cc. of phenylhydrazin. 

43 DETERMINATION. 

Measure out two portions of 10 cc. each of the extract into 300 cc. Erlenmeyer flasks 
and add 10 cc. of the phenylhydrazin solution to one flask and' 15 cc. to the other. 
Allow to stand overnight in a dark place, add 200 cc. of water and filter on a tared 
Gooch crucible, provided with a thin layer of asbestos. Wash first with cold water, 
finally with 10 cc. of 10 per cent alcohol, and dry for 3 hours in a vacuum oven at TO'^C* 
or to constant weight over sulphuric acid. The weight of the precipitate, multiplied 
by the factor 5.408, gives the weight of benzaldehyde in 100 cc. of the sample. If 
duplicate determinations do not agree, repeat the operation, using a larger quantity 
of the phenylhydrazin sohition. 

44 BENZOIC ACID^— TENTATIVE. 

Measure 10 cc. of the extract into a 100 cc. flask, add 10 cc. of a 10 per cent sodium 
hydroxid solution and 20 cc. of hydrogen peroxid solution (U. S. P.); cover with a watch 
glass and place in a water oven. Oxidation of the aldehyde to benzoic acid begins 
almost immediately and should be continued 5-10 minutes after all odor of benzalde- 
hyde has disappeared, which usually requires 20-30 minutes. Remove the flask from 
the water oven, transfer the contents to a separatory funnel, rinsing ofT the watch glass* 
add 10 cc. of dilute sulphuric acid solution (1 to 5) and cool the contents of the funnel 
to rccm temperature under the water tap. Extract the benzoic acid with 4 portions 
of 25, 25, 20, and 20 cc. of ether, respectively, and wash the combined extracts with 
two portions of 5-10 cc. of water, or until all sulphuric acid is removed. Filter into a 
tared dish, evaporate at room temperature, dry overnight in a desiccator and weigh 
the benzoic acid. Multiply the result by 10. 

Multiply the grams per 100 cc. of benzaldehyde obtained in 43 by 1.151 to obtain 
the equivalent of benzoic acid, and subtract this from the grams per 100 cc. of total 
benzoic acid obtained above. The difference is the grams of benzoic acid per 100 cc. 
of the extract. 
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HTDROCTAinC ACID. 
QualiUUive Test, — TerUaiive. 



Add several drops of ferrous sulphate solutioa and a single drop of ferric chlorid 
solution to several cc. of the extract. Mix thoroughly, add sodium hydroxid solution, 
drop by drop, until no further precipitate forms and then dilute hydrochloric acid to 
dissolve the precipitate. In the presence even of small amounts of hydrocyanic acid, 
a Prussian blue coloration or suspension will develop. 
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Quaniiiative Method, — Tentative, 
(In the absence of chlorids.) 



Measure 25 cc. of the extract into a smaU flask and add 5 cc. of freshly precipitated 
magnesiiun hydroxid (chlorin-free). Titrate with N/10 silver nitrate solution, using 
potassium cbromate as an indicator; 1 cc. of N/10 silver nitrate is equivalent to 0.00268 
Kram of hydrocyanic acid. 
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NITROBENZOL. 

QuaHtaiive Test.^-Teniatvoe. 



Boil a few cc. of the extract with some zinc dust and acetic acid and filter. Add to 
the filtrate a drop of chloroform, make strongly alkaline with sodium hydroxid solu- 
tion and heat. The presence of nitrobenzol in the original extract is indicated by the 
development of the characteristic odor of phenylisonitrile. 

CASSIA, CnmAMON AND CLOVE EXTRACTS. 

48 ALCOHOL.— TENTATIVE. 
Determine as directed imder 41. 

49 GIL'^TBNTATIVB. 

Transfer 10 cc. of the extract to a separatory funnel, add 30 cc. of water, acidify 
with 1 cc. of hydrochloric acid (1 to 1) and extract three times with ether, using not 
less than 100 cc. altogether. Wash the combined ether solutioos twice with water and, 
in the case of cinnamon extract, dry by shaking with a small amount of granulated 
calcium chlOTid. Transfer to a ti^ed, wide-mouthed weighing bottle and evaporate 
the ether as rapidly as possible on a boihng water bath, rotating the liquid upon the 
sides of the bottle in order to rid the residual oil of traces of ether. Weigh the residue 
and divide the weight by the specific gravity of the oil in order to obtain the per cent 
of oil by volume. In the case of clove oil, allow the weighing bottle to remain in the 
balance case until the usual fifan of moisture has evaporated. The time of weighing, 
however, should not be delayed over 3 minutes. 

Determine the refractive index of the residual oik at TXfG. 

Dissolve a drop of the oil in several drops of alcohol and add a drop of ferric chlorid 
solution. The following tabulation gives the specific gravity, refractive index at 20^C. 
and color reaction with ferric chlorid solution: 



OIL 


SPECIFIC GRAVITY 


BBPRACrrVB 

INDBX AT 

TXfiC. 


OOU>R ABACTION 

WITH PBRIUC 

CHLORID SOLUTION 


Cassia 


1.05 
1.03 
1.055 


1.585-1.600 
1.590-1.599 
1.560-1.565 


Brown 




Green 


Cloves 


Deep blue 
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GraGER SXTfiACT. 

50 alcohol^tbhtativb. 

Determine as directed under XVI, 4. 

51 SOLIDS.— TBHTATIVB. 

Evaporate 10 cc. of the extract nearly to dryness on a water bath, dry for 2 hours in 
a water oven and weigh. 

52 OniGBR.— TKNTATIVB. 

Dilute 10 cc. of the extract to 30 oc., evaporate to 20 cc., decant into a aeparatory 
funnel and extract with an equal volume of ether. Allow the ether to evaporate spon- 
taneously in a porcelain dish, and to the residue add 5 cc. of 75 per cent sulphuric acid 
and about 5 mg. of vanillin. Allow to stand 15 minutes and add an equal volume of 
water; in the presence of ginger extract an azure blue color develops. 

53 CAPSICUM — TBlfTATIVS. 

To 10 cc. of the extract add cautiously dilute sodium hydroxid solution until the 
solution reacts very slightly alkaline with litmus paper. Evaporate at about 70^G. 
to approximately one-fourth the original volume and render slightly add witJb dilute 
sulphuric acid, testing with litmus paper. Transfer to a separatory funnel, rinsing the 
dish with water, and extract with an equal volume of ether, avoiding the formation 
of an emulsion by shaking the funnel gently 1-2 minutes. Draw off the lower layer 
and wash the ether extract once with about 10 cc. of water. Transfer the washed ether 
extract to a small evaporating dish, render decidedly alkaline with N/2 alcoholic potas- 
sium hydroxid and evaporate at about 70^C. until the residue is pasty; then add 
about 20 cc. more of N/2 alcoholic potash and allow to stand on a steam bath until 
the gingerol is completely saponified (about 30 minutes). Dissolve the residue in a 
little water and transf^ with water to a small separatory funnel. The volume should 
not exceed 50 oc. Extract the alkaline solution vrith an equal volume ol ether. Wash 
the ether extract repeatedly with small amounts of water until no longer alkaline 
to litmus. Transfer the washed extract to a smaU evapwaUng dish, and allow the 
ether to evaporate spontaneously. FinaUy test the residue for capsicum by moisten- 
ing the tip of the finger, rubbing it on the bottom and sides of the dish and then apply- 
ing the finger to the end of the tongue. A hot, stinging or prickly sensation, which 
persists for several minutes, indicates capsicum or otiier foreign pungent substances. 

PBPPBRMINT, SPBARMINT AND WINTBRGREBN EXTRACTS. 

54 ALCOHOL.— TENTATIVE. 
Proceed as directed under 41. 

55 OIL*®.— TBHTATIVB. 

Pipette 10 oc. of the extract into a Babcock milk bottle, add 1 cc. of carbon disulphid, 
mix thoroughly, then add 25 cc. of cold water and 1 cc. of concentrated hydrochloric 
acid. Close the mouth of the bottle and shake vigorously; centrifugalize for 6 minutes 
and remove all but 3-4 cc. of the supernatant liquid, which should be practically dear, 
by aspirating through a glass tube of small bore. Connect the stem of the bottle with 
a filter pump, immerse the bottle in water kept at approximately 70°C. for 3 minutes, 
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remove fitm the bath every 15 seconds and shake vigorously. G>ntinue in the same 
manner for 45 seconds, using a boiling water bath. Remove from the bath and shake 
while cooling. Disconnect from the 6ucti<m and fill the bottle to the neck with saturated 
salt solution at room temperature, centrifugalize for 2 minutes and read the volume of 
the separated oil from the top of the meniscus. Multiply the reading by 2 to obtain 
the per cent of oil by volume. In the case of wintergreen, use as a floating medium a 
mixture of 1 volume of concentrated sulphuric add and 3 of saturated sodium sulphate 
solution. 

56 MSTHTX SALICTIATB IN WIHTBROBSIlf BXTBACT**— TBHTATIVB. 

Mix 10 cc. of the extract with 10 oc. of 10 per cent potassium hydroxid solution. 
Heat on a steam bath until the volume is reduced about one-half, add a distinct 
excess of hydrochloric acid (1 to 1), cool and extract with three portions of ether, 40, 
30 and 20 cc., respectively. Filter the extract through a dry filter into a weighed dish, 
wash the paper with 10 cc. of ether and allow the filtrate and washings to evaporate 
spontaneously. Dry in a desiccator containing sulphuric acid and weigh. Multiply 
the weight of salicylic acid so found by 0.33 to obtain the per cent by volume of methyl 
salicylate in the sample. 

AinSB AND NUTMEG EXTRACTS. 

i 

57 OILK — TBKTATIVK. 

To 10 cc. of the extract in a Baboock milk bottle add 1 cc. of hydrochloric acid 
(1 to 1), then sufficient half saturated salt solution, previously heated to 60"G., to fill 
the flask nearly to the neck. G>rk and let stand in water at 60^G. for about 15 minutes, 
rotate occasionally and centrifugalize for 10 minutes at about 800 revolutions per 
minute. Add brine till the oil rises into the neck of the bottle, and again centrifugalize 
for 10 minutes. If the separation is not satisfactory, or the liquid is not clear, cool to 
about lO^C. and centrifugalize for an additional 10 minutes. Multiply the reading 
by 2 to obtain the percentage o£ oil by volume. 
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XX. MEAT AKD MEAT PRODUCTS. 

MEAT. 

1 PRBPASATIOIf OF.a4MPLB.--OFnCIAL. 

In the case of fresh meat, separate the sample as completely as possible from the 
bones and pass through a sausage mill rapidly and repeatedly until thoroughly mixed 
and macerated. Chill the sample to prevent decomposition and begin all determina- 
tions as soon as practicable after the sample is prepared. 

In the case of canned meats, pass the entire contents of a can through a sausage 
mill as directed above. Remove sausage from the casings and mix by repeated grind- 
ing in a sausage mill. Dry the portion of the sample, which is not needed for analysis, 
either in vacuo or by evaporating with alcohol, extract the fat with gasoline (b. p. 
below GO'^C), aDow the gasoline to evaporate spontaneously and expel the last traces 
by heating for a short time on a steam bath. Do Dot heat the meat or separated fat 
longer than necessary, owing to their tendency to decompose. Reserve the fat for 
examination according to the methods given under XXII. Keep the fat in a cool 
place and complete the examination before it becomes rancid* 

2 MOISTURE.— OFnCIAL. 

Proceed as directed under VII, 2 or 3, using the latter method in cases in which 
it is desired to employ the dried sample for further determinations. 

3 ASH.— OFFICIAL. 
Proceed as directed under VII, 4. 

4 CRUDB FAT OR BTHBR BXTRACT.— OFFICIAL 
Proceed as directed under VII, 10. 

5 TOTAL PH08PBORII8.~^FFiaAL. 

Destroy the organic matter as directed under I, 5 (a), (b), (C) or (d) and proceed 
as directed under I, i or 9. 

h TOTAL NITROOBN.-OFFICIAL. 

Proceed as directed under I, 18, 21 or 23, using about 2 grams of the fresh sample. 
In the Kjeldahl and Gunning methods digest with sulphuric acid for at least ^ hours; 
in the Kjeldahl-Gunning-Amold method, for 2 hours after the mixture has become 
clear. 

AMMOmA. 

Aeralion Method}* — Teniative. 

7 APPARATUS. 

Employ the apparatus illustrated in Fig. 7; A is a wash bottle one-fourth full of 10 
per cent sulphuric acid; B is a tube containing the sample; C is a rubber disc and D is 
a 5 cc. bulb to prevent spray from being carried over into the tube {E) which contains 
the standard acid; F is a safety bottle. 
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DETEBMINATION. 



Introduce 2-4 grams of the finely divided meat into the tube (B) and add 20 cc. of 
anmionia-firee water. Place a noieasuied amount of N/25 or N/50 sulphuric or hy- 
drochloric acid in tube (E). Then add 1 cc. of saturated potassium oxalate solution 
to the sample in tube (B), introduce a few dtopA of kerosene and finally add just suffi- 
cient saturated potassium carbonate solution to render the mixture alkaline. Place 
the tubes in position at once, pass air through the apparatus and titrate the standard 
add in tube (E) at hourly intervals, until ammonia ceases to be given off, using methyl 
red, cochineal or congo red as an indicator. If preferred, the ammonia collected in 
tube {E) may also be determined by nesslerizing as directed under III, 11. 



r*3wrtmf 




FIG. 7. APPARATUS FOR AMMONIA DKTERMIfiATION. 



nrntATBS. 
FerroiM Chiorid MeUnd^.-^TenUUive. 



. BKAGENT. 



Ferrous ehhrid sotuiion. — Dissolve nails or other small pieces of itfon in concentrated 
hydrochloric acid, keeping an excess of iron present until the evolution of gas ceases. 
Keep the solution in 50 cc. glass-stoppered bottles entirely fiUed. Employ only freshly 
opened bottles of the reagent for the determination. 
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APPARATUS. 



Provide a 250 cc. flask with a 2-hoied rubber stopper. Through one of the holes pass 
the stem of a funnel having a glass stop-cock, and into the other fit a delivery tube 
leading downward at an angle from the flask to a trough containing water. Terminate 
the upper end of the delivery tube just below the rubber stopper in the flask and place 
the lower end under the surface of the water in the trough, the exit being immediately 
beneath the mouth of an inverted measuring tube, filled with 40 per cent potassium 
hydroxid solution. Cover the trough end of the ddivery tube with a piece of rubber 
tubing to prevent fracture, but arrange the latter so that it will not interfere with the 
free exit of gas. On the ddivery tube midway between the flask and the measuring 
lube place a short length of rubber tubing and a pinch-cock. 
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DETEmONATION. 



Extract 100 grams of finely ground meat by boiling repeatedly with successive small 
portions of water, decanting the extracts through a muslin or paper filter into a casserole, 
and concentrate the combined extracts to a volume of about 50 cc. 

Introduce 50 cc. of the ferrous chlorid solution and 50 cc. of 10 per cent hydrochloric 
acid into the flask, close the stop-cock of the funnel, open the pinch-cock on the delivery 
tube, move the end of the latter so that escaping air will not pass into the measuring 
tube, and boil the contents of the flask until the air is expelled, as indicated by a slight 
pressure against the fingers when the rubber tubing is compressed after momentary 
removal of the flame. Now close the delivery tube with the pinch-cock and place the 
exit end beneath the measuring tube. Introduce the concentrated extract of the sample 
into the flask, a little at a time, through the funnel tube, opening the pinch-cock on 
the delivery tube and boiling the contents of the flask at intervals to force the nitric 
oxid gas into the measuring tube. Finally rinse the casserole and the funnel tube with 
a little boiledf water, add the rinsings to the contents of the evolution flask in the manner 
just described and boil until nitric oxid no longer passes over into the measuring tube. 
Note the volume of nitric oxid contained in the tube, the temperature, and barometric 
pressure and calculate the volume of nitric oxid at 0**C. and 760 mm. pressure. One 
cc. of nitric oxid at O^'C. and 760 mm. pressure is equivalent to 0.004512 gram of potas- 
sium nitrate. 

PhenoldUulphcnie Acid Method^, — Teniaiive, 

12 REAGENTS. 

(a) Phenoldisulphonic acid solution. — Heat 6 grams of phenol with 37 cc. of con- 
centrated sulphuric acid on a water bath« cool and add 3 cc. of water. 

(b) Standard comparison solution. — Dissolve 1 gram of pure, dry potassium nitrate 
in water and dilute to 1 liter. Evaporate 10 cc. of this solution to dryness on a steam 
bath, add 2 cc. of the phenoldisulphonic acid solution, mix quickly and thoroughly by 
means of a glass rod, heat for about a minute in a steam bath and dilute to 100 cc. 
One cc. of this solution is eq[uivalent to 0.1 mg. of potassium nitrate. Prepare a series 
of standard comparsion tubes by introducing amounts ranging from 1 to 20 cc. of 
this solution (0.1-2.0 mg. of potassium nitrate) into 50 cc. Nessler tubes, adding 5 cc. 
of strong ammonium hydroxid to each and diluting to 50 cc. These standard tubes 
are permanent for several weeks if kept tightly stoppered. 

13 DETERMINATION. 

Weigh 1 gram of the sample into a 100 cc. flask, add 20-30 cc. of water and heat on 
a steam bath for 15 minutes, shaking occasionally. \dd 3 cc. of saturated silver sul- 
phate solution for each per cent of sodium chlorid present, then 10 cc. of basic lead 
acetate solution and 5 cc. of alumina cream, shaking after each addition. Make up 
to the mark with water, shake and filter through a folded filter, returning the filtrate 
to the filter until it runs through clear. Evaporate 25 cc. of the filtrate to dryness, 
add 1 cc. of the phenoldisulphonic acid solution, mix quickly and thoroughly by means 
of a glass rod, add 1 cc. of water and 3 or 4 drops of concentrated sulphuric acid and 
heat on a steam bath for 2-3 minutes, being careful not to char the material. Then 
add about 25 cc. of water and an excess of ammonium hydroxid, transfer to a 100 cc. 
graduated flask, ddd 1-2 cc. of alumina cream if not perfectly clear, dilute to the mark 
with water and filter. Fill a 50 cc. Nessler tube to the mark with the filtrate and de- 
termine the amount of potassium nitrate present in the sample by comparison with 
the standard comparison tubes. If the solution is too dark for comparison with the 
standards, dilute with water and correct the result accordingly. 
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STARCH. 

(In chopped meat, sausage, deviled meat, etc.) 

14 Qualilaiive Test. — TerUalive. 

Treat 5~S grams of the sample with boiling water for 2-3 minutes, cool the mixture 
and test the supernatant liquid with iodin solution. In using this test, a small amount 
of starch may be present as the result of the use of spices. If a marked reaction is given, 
however, it may be concluded that starch or flour has been added, and a quantitative 
determination may be made. The qualitative method may be replaced by a microscopic 
examination, which discloses not only the presence of added starch, but also the variety 
employed. 

15 QuantUalive Method*. — Tentative, 

Treat in a 200 cc. beaker 10 grams of the finely divided sample with 75 cc. of an 8 
per cent solution of potassium hydroxid in 95 per cent alcohol by volume and heat on a 
steam bath until all the meat is dissolved (30-45 minutes). Add an equal volume of 
95 per cent alcohol, cool and allow to stand for at least an hour. Filter by suction 
through a thin layer of asbestos in a Gooch crucible. Wash twice with a warm 4 per 
cent solution of potassium hydroxid in 50 per cent alcohol by volume and then twice 
with warm 50 per cent alcohol. Discard the washings. Retain as much of the pre- 
cipitate in the beaker as possible until the last washing. Place the crucible with contents 
in the original beaker, add 40 cc. of water and 25 cc. of concentrated sulphuric add. 
Stir during the addition of the acid and make sure that the acid comes in contact with 
all the precipitate. Allow to stand about 5 minutes, add 40 cc. of water and heat 
just to boiling, stirring constantly. Transfer the solution to a 2*50 cc. graduated flask, 
add 2 cc. of 20 per cent phosphotungstic acid solution, aUow to cool to room temper- 
ature and make up to the mark with water. Filter through a starch-free filter paper, 
pipette 100 cc. of the filtrate into a 200 cc. graduated flask, neutralize with sodium 
hydroxid solution, make up to volume and determine the dextrose present in a 50 cc. 
portion of the filtrate, as directed under VII, 25, titrating the cuprous oxid precipi- 
tate as directed under VII, 28. The weight of the dextrose, multiplied by 0.9, gives 
the weight of the starch. 

GLYCOGEN. 

16 Qualilaiive Tesl^. — Tenlalive. 

Boil 50 grams of the macerated sample with 50 cc. of water for 15-30 minutes. Filter 
the broth through moistened filter paper or fine linen. To a portion of the filtrate in 
a test tube add a few drops of a mixture of 2 parts of iodin, 4 of potassium iodid and 
100 of water. In the presence of a considerable amount of glycogen tiie latter produces 
a dark brown color, which is destroyed by heating and reappears on cooling. When 
starch is present, it may be precipitated by treating the water extract with two volumes 
of glacial acetic acid, filtering and applying the test for glycogen to the filtrate. 

Quantilahve Method*. — Tenlalive. 

17 PREPARATION OF SOLUTION. 

Weigh out by difference about 25 grams of the finely ground and thoroughly mixed 
sample. Place in a 400 cc. beaker and mix with 50 cc. of potassium hydroxid solution 
(1.5 to 1), free from carbonate. Cover the beaker with a watch glass and digest on a 
water bath for 2 hours, with occasional stirring. At the end of the 2 hours, dilute to 
approximately 200 cc. with cold water. 
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Add to the solution an equal volume of 95 per cent alcohol by volume, cover with a 
watch glass and set aside for 10-12 hours. Decant the supernatant liquid through a 
folded 18.5 cm. filter, allowing the glycogen to remain in the beaker and wash by de- 
cantation with 66 per cent alcohol (2 volumes of 95 per cent alcohol to 1 of water) 
until the glycogen is white, or nearly so. Usually about 4 washings are required. Transfer 
the washed precipitate from the beaker to the filter and wash 2 or 3 times with 66 per 
cent alcohol. The solution filters slowly and the funnel should be covered with a watch 
glass to prevent excessive evaporation. The albuminous substance present retards the 
filtration if permitted to dry on the paper. If the washing by decantation is not made 
nearly complete, it will be difficult to obtain the glycogen free from the coloring matter. 

After the washing is completed, close the bottom of the funnel by a piece of rubber 
tubing and a pinch-cock. Fill the funnel with warm water, cover with the watch glass 
and let stand 2-3 hours, or overnight. Open the pinch-cock and allow all of the solution 
to pass through the filter into a beaker. Close the funnel with the pinch-cock and fill 
with warm water as before. Allow this water to remain in the funnel for an hour and 
then filter as before. At first the glycogen solution appears quite turbid. This washing 
with warm water should be continued until the filtrate becomes perfectly clear. To 
the solution of glycogen in water, add double its volume of 95 per cent alcohol by 
volume and let stand overnight to complete the reprecipitation of the glycogen. Filter 
and wash as before with 66 ^r cent alcohol. 
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DETERMINATION. 



If desired, the last filtration may be made through a tared Gooch crucible and the 
weight of glycogen determined after drying to constant weight. This gives results 
that are approximately correct. More satisfactory results are obtained by hydrolyzing 
the glycogen with dilute hydrochloric acid and determining the resultant dextrose. 
Dissolve the glycogen on the filter in warm water as directed above, collecting the 
filtrate and washings in a 300 cc. graduated flask and keeping the volume within 225 
cc. Add 12.5 cc. of hydrochloric acid (sp. gr. 1.19) to the combined filtrate and wash- 
ings, mix and place in a boiling water bath for 3 hours. Cool, neutralize with sodium 
hydroxid solution, cool again, make up to volume with water and determine dextrose 
in an aliquot of the solution as directed under YII, 53, determining the reduced copper 
as directed under YII, 28. Multiply the corresponding weight of dextrose by 0.9 
to obtain its equivalent of glycogen and correct this result for dilution to obtain the 
per cent of glycogen in the sample. 

SUGAR. — ^TEHTATIVB. 
19 REAGENT. 

Phosphotungstic cu^id solution. — Dissolve 100 grams of phosphotungstic acid in water 
and dilute to 100 cc. 
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DETERMINATION. 



Weigh 100 grams of the finely ground sample into a 600 cc. beaker, add 200 cc. of 
water, heat to boiling and boil gently for 5 minutes. Stir the contents of the beaker 
frequently during this and subsequent extractions to prevent bumping. (When several 
samples are extracted at the same time a mechanical stirring device is practically a 
necessity.) Remove the beaker from the flame, allow the insoluble matter to settle 
and decant the clear liquid on an asbestos mat in a 4-inch funnel. Filter with the aid 
of suction. Add 150 cc. of hot water to the residue in the beaker, boil gently for 5 
minutes, let settle and decant the dear liquid as above. Repeat the operation and 
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finally transfer the contents of the beaker to the funnel, wash with 150-200 oc. of hot 
water and press the meat residue as dry as possible. Transfer the cx»teDts of the filter 
flask to an evaporating dish and evaporate on a steam bath to a volume of about 25 
cc, but not to dryness. Transfer the extract to a 100 cc. vohimetric flask, taking care 
that the volume of liquid does not exceed 60 cc. Add 2^-35 oc. of the phosphotungstic 
acid solution, shake vigOTously, let stand a few minutes for gas bubbles to rise to the 
surface, make to volume, shake and either filter or centrifugaliie. The use of a centrifuge 
is to be preferred since thereby a larger volume of liquid is obtained. Test a portion 
of the filtrate with dry phosphotungstic acid for oxnplete precipitation. If an appre- 
ciable precipitate forms, take an aliquot of the filtrate, add 5-10 cc. of the phos- 
photungstic acid solution, make to volume, filter and test the filtrate for ounplete 
precipitation. The filtrate should also show not more than a slight reaction for crea- 
tinin by Jaffe's test^ 

Transfer 50 cc. of the clarified extract to a 100 cc. volumetric flask, add 5 cc. of 
concentrated hydrochloric acid and invert the solution as directed under VII, 14. 
Cool the solution, neutralize to litmus, cool, make to volume and filter. To the filtrate 
add sufficient dry powdered potassium chlorid to precipitate the excess of phospho- 
tungstic acid, filter, test the filtrate for complete precipitation, and determine the 
reducing sugar, as directed under VII, 25, ascertaining the amount of reduced copper, 
as directed under VII, 29. Calculate the total sugar as dextrose. 

If when the clarified meat extract is boiled with Fehling's solution an abnormal 
reduction is obtained, i. e., the solution turns yellow, brown, green or muddy in appear- 
ance instead of reddish-blue, the determination should be discarded, since incomplete 
precipitation of the nitrogenous compounds, due to the use of insufficient phospho- 
tungstic acid, is indicated. 

21 PRSSERVATIYBS.— OFFICIAL. 
Proceed as directed under IX. 

22 MSTALS.— TENTATIVE. 
Proceed as directed under XI. 

23 COLORING MATTERS.— TENTATIVE. 
Proceed as directed under X. 

SOLUBLE AND INSOLUBLE NITROGEN.— TENTATIVE. 

24 PREPARATIGN OF SOLUTION. 

Exhaust 7-25 grams of the sample (depending upon the water content) in the follow- 
ing manner: Weigh into a 150 cc*. beaker, add 5-10 cc. of cold (15^C.) ammonia-free 
water and stir to a homogeneous paste. Then add 50 cc. of cold water, stir every 3 
minutes for 15 minutes, let stand for 2-3 minutes and decant the liquid upon a quanti- 
tative ffiter, collecting the filtrate in a 500 cc. graduated flask. Drain the beaker, 
pressing out the liquid from the meat residue by the aid of a glass rod. Add to the 
residue in the beaker 50 cc. of cold water, stir for 5 minutes and, after standing 2-3 
minutes, decant as before. If a considerable portion of the meat is carried over onto 
the filter, transfer it back to the beaker by means of a glass rod. Repeat the extrac- 
tions, using the following additional amounts of cold water: 50, 50, 25, 25, 25 and 25 
cc. After the last extraction transfer the entire insoluble portion to the filter and wash 
with three 10 cc. portions of water, allowing the material to drain thoroughly after 
each addition of water. Dilute to the mark and mix thoroughly. 
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DETERMINATION. 



Determine the total nitrogen in a 50 cc. aliquot of the solution obtained under 24, 
proceeding as directed under I, 18, 21 or 23. Subtract the percentage of soluble 
nitrogen from the percentage of total nitrogen, 6, to obtain the percentage of insoluble 
nitrogen. To obtain the percentage of insoluble protein multiply the percentage of 
insoluble nitrogen by 6.25. 

26 COAGULABLE mTROGBN.— TBNTATIVB. 

(For uncooked meat only.) 

Measure 150 cc. of the eictract, from 24, into a 250 cc. beaker and evaporate to 40 
cc. on a steam bath, ynth occasional stirring. Neutralize to phenolphthalein, then 
add 1 oc. of N/1 acetic acid and boil gently for 5 minutes. The coaguJum should separate 
out at onoe, leaving a clear liquid. Filter on quantitative paper, wash the beaker thor- 
oughly four times with hot water, taking special care to clean the sides. Finally wash 
the coagulum on the filter three times, dilute the combined filtrate and washings to a 
definite volume and reserve for the determination of proteoses, peptones and gelatin, 
27, and creatin, 29. Transfer the coagulum with the paper to a Ejeldahl flask and 
remove, with concentrated sulphuric acid, any of the material adhering to the beaker, 
taking the usual 25 cc. of acid in 5 cc. portions for this purpose, heating the acid in 
the beaker on a hot plate and rubbing with a glass rod. Proceed as directed under 6. 
Multiply the percentage of nitrogen obtained by 6.25 to obtain the percentage of coagu- 
lable proteins. 

PROTEOSE, PEPTONE AND GELATIN NITROGEN. 

27 Modified TanninSaU MeihodK—Tentalive. 

Transfer a 50 cc. aliquot of the filtrate, obtained in 26, to a 100 cc. graduated flask, 
add 15 grams of sodium chlorid and 10 cc. of cold water, shake until the sodium chlorid 
has dissolved and cool to 12*'G. Add 30 cc. of 24 per cent tannin solution, cooled to 
12''G., fill to the mark with water previously cooled to 12^G., shake and allow the 
mixture to stand at a temperature of 12^C. for 12 hours or overnight. Filter at 12^G., 
transfer 50 cc. of the filtrate to a Kjeldahl flask and add a few drops of sulphuric acid. 
Hace the flask in a steam bath, connect vrith a vacuum pump and evaporate to dryness. 
Determine nitrogen in the residue as directed under 1, 18, using 30 cc. of sulphuric acid 
for the digestion. Gonduct a blank determination, using the same amount of reagents, 
and correct the result accordingly. Multiply the corrected result by 2 and deduct the 
amount of nitrogen as found firom the nitrogen determined in another 50 cc. aliquot 
of the filtrate from the coagulable nitrogen, 26, without the tannin-salt treatmept; the 
difference, multiplied by 6.25, gives the percentage of proteoses, peptones and gelatin. 

28 MEAT BASB8«— TBHTATIVE. 

Deduct from the percentage of total nitrogen, 6, the sum oi the percentages of 
nitrogen, obtained in the determination of insoluble nitrogen, 25, coagulable nitrogen, 
26, and proteoses, peptones and gelatin, 27, to obtain the percentage of nitrogen of 
the meat bases. Multiply the result by 3.12 to obtain the percentage of meat bases. 
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CRSATIN.-~OFnCUL. 



Evaporate an aliquot or the remaining portion of the filtrate and washings ficom the 
coagulable iiitrogen, 26, (a portion having been used in 27), to 5-10 cc., transfer with 
a minimum amount of hot water to a 50 cc. measuring flask, keeping the volume bdow 
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30 cc., add 10 cc. of 2 X hydrochloric acid and mix. Hydroly?^ in an autoclave at 
117^-120^C. for 20 minutes, allow the flask to cool somewhat, remove and chill under 
running water. Partially neutralize the excess of acid by adding 7.5 cc. of 10 per cent 
sodium hydroxid solution, free from carbonates, dilute to the mark and mix. Make a 
preliminary reading on 20 cc. to ascertain the volume to use to obtain a reading of 
approximately 8 mm. and transfer to a 500 cc. graduated flask. Add 10 cc. of 10 per 
cent sodium hydroxid solution and 30 cc. of saturated picric, acid solution (1.2 per 
cent). Mix and rotate for 30 seconds and let stand exactly 4.5 minutes. Dilute to the 
mark at once with water, shake thoroughly and read in a Duboscq colorimeter, com- 
paring the color with N/2 potassium dichromate solution, set at 8 mm. 

If the reading is too high or too low (above 9.5 or below 7 mm.), calculate the quantity 
necessary to obtain a reading of about 8 mm. The strength of the dichromate solution 
used must be checked against a standard creatin solution. To obtain the values, divide 
81 by the reading and multiply by the volume factor to obtain mg. of creatinin; this 
value, multiplied by 1.16, gives creatin, which, divided by the weight of the sample 
and multiplied by 100, gives the per cent of creatin. 

The use of Roberts shade and the painting of the plunger, suggested for this nephe- 
lometer, assists in getting a sharper end point, relieves the eye strain, and may be em- 
ployed if desired. 

Example. — ^Twenty grams of meat are extracted with water as directed under 24, 
and the extract diluted to HOO cc.; 150 cc. of this latter solution (equivalent to 6 grama 
of meat) are treated as in 26. The filtrate thus obtained is then evaporated and hydio- 
lyzed as above and then diluted to 50 cc. ; 25 cc. of this last solution are treated with 
sodium hydroxid solution and picric acid solution as directed above and diluted to 500cc. 
This lattei solution gives a Duboscq reading of 9 mm. 

81 w50 .^ 

— X ^ * 18 mg. creaUnm; 

0.018 X 1.16 X 10 ^ ^_^, 
^ « 0.36% creatin. 

Ainno mTROGBN. 

Van Siyke Method*,— Tentaiwe. 

30 RRA GENTS. 

(b) Alkaline permanganate solution. — Dissolve 50 grams of potassium permanganate 
and 25 grams of potassium hydroxid in sufBdent water to make 1 Hter. 

(b) Sodium niiriie st^uiion. — Dissolve 30 grams of sodium nitrite in sufficient water 
to make 100 cc. 

(C) Glacial acetic acid. 
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A PPA RATIOS. 



Employ the apparatus shown in Figs. 8 and 9, the former iUustrating the manner in 
which the entire apparatus is arranged and the latter showing the details of the deam* 
iniring bulb and connections. The Hempel gas pipette is filled with the alkalioe per- 
manganate solution. 
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DETERMINATION. 



Ffll with water the burette (F), the capillary tube leading to the Hempel pipette 
and also the other capillary as far as c. Introduce into A sufficient glacial acetic acid 
to fill one-fifth of D, the tube (.4) being etched with a mark to measure this amount. 
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Allow the ackj to run into D, the cock c being turned so as to allow the air to escape 
from D. Pour the sodium nitrite solution into A until D is full of solution and enough 
excess is present to rige a little above the cock into .4. ^{is also marked for measuring 
off this BDDount. Then cloae the gas exit from D at c, and, a being open, shake D for 
a few seconds imtil the liquid is forced down to the 20 co. mark in D. Then close a. 



open c and shake the apparatua rapidly with the motor for 2 mioutes, tiiese operations 
being for tbe purpu«e of expelling all the air from D. Theo turn e and/ so that D and 
F are connected. 

Measure off in fi 10 cc. <x lew. ea tbe case may be. of tbe sohitico of the sample con- 
taining not more than 20 tag. of amino nitrogen (about 1-2 fcrams of tbe sample in the 
cane of tat*.l extracts) and allow it to run into V. Connect D with the motor as abowa 
in Fig. 8 and shake for 5 minutes. 
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[XX 



If the solution of the sample is viscous and threatens to foam over, rinse out B, and 
then through it introduce a little caprylic alcohol into D, or, if it is known beforehand 
that the sample will cause excessive foaming, introduce a little caprylic alcohol into D 
through B, nnsing B with alcohol and ether or drying with a roll of filter paper before 
adding the solution of the sample. 

During the shaking there is an evolution of nitrogen mixed with nitric oxid, the 
gases being collected in F. Force all the gas in D into F by opening a and filling D 
with liquid from A, Connect F with the Hempel pipette and force the gas into the 







FIG. 9. DETAILS OF THE DEAMINIZING BULB AND CONNECTION. ^ 

(By courtesy of tine Journal of Biological Chemitby.) 



latter by means of the leveling bulb, allowing the cock a to remain open during this 
and the succeeding operation in order to permit displacement of the liquid in D by 
the nitric oxid formed in the interval. Connect the driving rod with the pipette by 
lifting the hook from the shoulder of D and placing the other hook, on the opposite 
side of the driving rod, over the horizontal lower tube of the pipette. Shake the pipette 
rather slowly for a minute, which, with any but almost completely exhausted per- 
manganate solutions, completes the absorption of nitric oxid. Then return the gas 
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to the burette, adjust the level with the leveling bulb and note the volume of nitrogen, 
the temperature and barometric pressure, and calculate the volume of nitrogen under 
standard conditions of temperature and pressure. Obtain the corresponding weight 
of nitrogen, divide the latter by 2, and from the quotient calculate the apparent per 
cent of amino nrtrogen in the sample. Correct the result for a blank test performed 
as above, using 10 cc. of water instead of the solution of the sample. The amount of 
gas obtained in the blank is usually 0.3-0.4 cc., and nitrite solutions giving a much 
larger coirection should be rejected. 

In the case of beef extracts and similar preparations, 5 minutes is su£Bcient time to 
allow for the completion of the reaction in D. In general the same time serves for the 
decomposition of alpha-amino acids, but with ammonia, methylamin and most amines 
other than alpha-amines 1-1.5 hours should be allowed. For determinations on such 
substances mix the solution of the sample with the reagents as described above, allow 
the mixture to stand in the apparatus till the end of the required time, and conclude 
the reaction by shaking the apparatus with the motor for 2-^ minutes. Continue the 
detennination from this point as directed above. 

33 Sorenson Meihod^^.— Tentative. 

To 20 cc. of the filtrate from 26, or 20 cc. of a solution containing an extract of the 
meat (in some cases a larger volume may be necessary) add 10 cc. of a freshly prepared 
phenolphthalein-formol mixture (50 cc. of conmiercial formol containing 1 cc. of a 0.5 
per cent solution of phenolphthalein in 50 per cent alcohol, exactly neutralized with 
N/5 barium or sodium hydroxid). Titrate the mixture with N/5 barium hydroxid 
solution until a distinct red color appears, add a slight known excess of N/5 barium 
hydroxid and titrate back to neutrality with N/5 hydrochloric acid. Conduct a blank 
titration with the same reagents, using 20 cc. of water in place of the solution to be 
tested. From the amount of N/5 barium hydroxid required to neutralize the mixture, 
corrected for the amount used in the blank titration, calculate the amount of amino 
nitrogen present (including anunonia if this has not been removed). One cc. of N/5 
barium hydroxid is equivalent to 2.8 mg. of amino nitrogen. 

34 TOTAL SOLUBLE PHOSPHORUS.— TENTATIVE. 

Evaporate to dryness 50 cc. of the water extract prepared under 24, moisten the 
residue with 10 cc. of concentrated sulphuric acid, add a few drops of nitric acid and 
heat on a hot plate until all the organic matter is destroyed. Add 100 cc. of water, 
boil for a few minutes and proceed as directed under I, 6. 

35 SEPARATION OP SOLUBLE INOROANtC AND ORGANIC PHOSPHORUS.— TENTATIVE. 

To 500 00. of the extract prepared as directed under 24, add 50 cc. of magnesia 
mixture [I, 4 (C)) and proceed as directed under 37. 

SOLUBLE PHOSPHORUS IN BLOOD, BRAIN AND GLANDULAR ORGANS >^.— TENTATIVE. 

36 PREPARATION OP SOLUTION. 

(d) Cold waUr extract of fleeh. — Weigh out 10-12 grams of fresh muscle and divide 
equally between two small beakers. Moisten the sample with a few cc. of water, and 
break up the lumps with a glass rod. Add 50 cc. of water to each beaker and stir the 
contents for 15 minutes. Allow the insoluble residue to settle for 3-5 minutes, decant 
the liquid through filters into beakers and add 25 oc. of water to each residue. Stir 
7-8 minutes and, after allowing to settle, decant onto the same filter. Continue this 
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txeatment, using 25 cc. of water each time, until the filtrates measure about 230 cc. 
each. Allow the filters to drain completely between extractions. Whenever the major 
portion of the residue has been mechanically transferred to the filter, return it to the 
beaker. After the last extraction, transfer the entire contents of each beaker onto the 
filter and, when drained, wash twice with small quantities of wat^ . Gomhiiie the two 
extracts. 

(b) Hoi wtUer-ammoniwn sulphate exlraei of blood, — Weigh out 30-35 grams of fresh 
whole blood as caught from the animal into a porcelain mortar. Grind and transfer 
to a 400 cc. beaker with hot water. Make up to about 150 cc. with boiling water. Place 
over a flame, gradually bring to boiling, with constant stirring, then add 20 cc. of 20 
per cent ammonium sulphate solution and continue boiling, with constant stirring, for 
about 10 minutes. Decant onto an 18 cm. filter paper, receiving the filtrate in an 800 
cc. beaker. Transfer the coagulum from the filter, along with that remaining in the 
beaker, to a mortar. Grind to a smooth paste and transfer to a beaker with boiling 
3| per cent ammonium sulphate solution. Make up to about 50 cc. with the latter, 
stir for 8 minutes and again filter. Return the coagulum to the mortar and grind again, 
transferring to the beaker as before with boiling 3^ per cent ammonium sulphate 
solution. Repeat this process of 8 minute extractions of the coagulum in 3| per cent 
ammonium sulphate solution and filtration as directed above, without further grind- 
ing, until the filtrate measures about 450 cc. Wash out each beaker twice with 8-10 
cc. of hot 3} per cent ammonium sulphate solution, transferring the coagulum and 
extract to the filter. Wash the coagulum twice with boiling 3} per cent anomonium 
sulphate solution from a wash bottle. Always allow the filter to drain well between 
additions of extract or wash solutions. 

CC) Hoi water-ammonium sulphate extract of liver. — ^Weigh by difference from a closed 
weighing bottle 15-20 grams of finely ground liver into a 400 cc. beaker. Add a few 
cc. of cold water and beat up with a stirring rod to separate the particles of tissue. 
Add enough boiling water to make the volume about 150 cc, place over a flame and 
bring to boiling. Add 10 cc. of 20 per cent ammonium sulphate solution and continue 
to boil for 10 minutes. AUow to settle for a moment and decant the boiling hot liquid 
onto an 18 cm. filter. Add 50 cc. of boiling water and stir for 8 minutes, without further 
heating, and decant onto the filter again. Repeat this addition of 50 cc. of hot water, 
stirring and decanting 8 times, returning the coagulum to the beaker as soon as any 
considerable amount collects upon the filter. With the eighth portion of water transfer 
the entire contents of the beaker onto the filter and wash twice with hot water. Always 
allow the filter to drain well between additions of extract or wash water. 

(d) Hot iDater-ammonium sulphate extract oj brain. — Weigh out about 10 grams of 
brain into a 250 cc. beaker. Add a few cc. of water and work up the brain and water 
with a glass rod. Make up to about 100 cc. with boiling water, place over a flame, 
and gradually bring to boiling, with constant stirring. While boiling vigorously (not 
before) add 20 cc. of 20 per cent ammonium sulphate solution, boil gently for about 
10 minutes, allow to settle for a moment and decant slowly onto a linen filter con- 
taining acid-washed, glassmaker's sand, receiving the extract in an 800 cc. beaker. 
Add to the beaker containing the coagulum 50 cc. of 3| per cent ammonium sulphate 
solution, stir 1 minute, keep boiling and decant the liquid onto the filter. Repeat this 
process of 1 minute extractions of the coagulum in 3| per cent anunonium sulphate 
solution and filtration as directed above until the filtrate measures about 450 cc. 
Wash out the beaker twice with 8-10 cc. of hot 3i per cent ammonium sulphate 
solution, completing tbe transfer of the coagulum and extract to the sand, and wash 
the coagulum twice with the wash solution. Always allow the filter to drain well be- 
tween additions of extract or wash solution. 
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In making extracts of brain, give careful attention to the handling of the sample. 
The coagulum is very soft. It should be stirred only enough to keep it in motion. 
If lumdM roughly in returning from the sand filter to the beaker, it becomes too 
finely divided and retains a great deal of liquid. To prevent {he extract or the coagu- 
lum from coming into contact with the linen before passing through the sand, pour 
the extract slowly into a slight depression in the cent«r of the sand or, better, into a 
thin fibn of absoroent cotton, 1| inches in diameter, laid over a depression in the sand. 
The coagulum remains on the cotton and its return to the beaker is facilitated thereby. 
If the cotton is not broken up by needless stirring, it can be taken out of the beaker 
with a glass rod and returned to the sand each time a partial extract is to be filtered. 
Care is necessary to prevent loss through bumping, on account of sand in the beakers, 
during the final extractions. Each partial extract should be boiling hot at the time 
filtration begins. 
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DETEBMINATION. 



To the extracts, prepared as directed under 36, add 50 cc. of magnesia mixture [1, 4 (C)] 
and stir thoroughly. AUow to stand 15 minutes, add 25 cc. of ammonium hydroxid 
(sp. gr. 0.90), cover and allow to stand 3 days. Filter and wash the precipitate with 
2.5 per cent ammonium hydroxid. Dissolve the precipitate on the filter paper and 
that remaining in the beaker in nitric acid (1 to 1) and hot water, receiving the solution 
in a 400 cc. beaker. Neutralize with ammonium hydroxid, make slightly acid with 
nitric add, add 5 grams of ammonium nitrate and determine phosphorus as directed 
•mder I, 6. 

IffEAT EXTRACTS AND SIMILAR PRODUCTS. 

38 PRBPARAnON OP SAMPLE.-OFTICUL. 

Remove liquid and semi-liquid meat extracts and similar preparations from the 
container and mix thoroughly before sampling. A little heating expedites the mixing 
of pasty extracts. In many liquid preparations a sediment forms which should be 
carefully removed from the bottom of the container and included in the sample. If 
the sample is in the form of cubes, grind 10-12 of the cubes in a mortar. 

39 MOISTURB.-OFTICIAL. 

Proceed as directed under yil,2, employing about 2 grams of powdered preparations, 
about 3 grams of pasty preparations, or 5-10 grams of liquid extracts, according to 
the solid content. Dry the powdered prqiarations directly without admixture. Dis- 
solve the pasty preparations in water and dry with sufficient ignited sand, asbestos 
or pumice stone to absorb the solution. When glycerol is present, proceed as directed 
under VII, 3. 

40 ASH.— OFHCIAL. 

Proceed as directed under VII, 4. Add sufficient water to pasty preparations to 
effect solution and evaporate to dryness in order that the solids may be distributed 
evenly over the bottom of the dish. 

41 TOTAL PHOSPBDRU8.— OFnCUL* 

Proceed as directed under 5. 

42 CHLORIDS.— OFHCUL. 

Dissolve about 1 gram of the sample, prepared as directed under 38, in 20 cc. of 5 per 
cent sodium caiiK>nate solution and proceed as directed under II, 20. 
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43 PAT.— TBlfTATIVB. 

Transfer the residue from the determination of moisture to a continuous extraction 
apparatus and proceed as directed under VII, 10. 

44 TOTAL niTROGSN.— OFnCIAL. 
Proceed as directed under I, 18, 21 or 23. 

45 AMMONIA.— TBNTATIVB. 

Introduce 1 gram of pasty extracts or 2-3 grams of fluid extracts into tube B of the 
Foiin apparatus and proceed as directed under 8. 

46 INSOLUBLE NITROGEN^'.— TENTATIVE. 

Dissolve 5 grams of powdered preparations, 8-10 grams of pasty extracts, or 20-25 
grams of fluid extracts, in cold water. Filter and wash with cold water. Transfer 
the filter paper and contents to a Ejeldahl flask and determine nitrogen as directed 
under I, 18, 21 or 23. However, if a large amount of insoluble matter is present, 
transfer the weighed sample to a graduated flask, make up to a definite voliune, shake 
thoroughly, filter through a folded filter and determine nitrogen in an aliquot of the 
filtrate. Deduct the percentage of nitrogen in the total filtrate from the percentage 
of total nitrogen, 44, to obtain the percentage of nitrogen in the insoluble protein. 
Multiply this percentage of nitrogen by 6.25 to obtain the pevoentage of insoluble 
protein. 

47 COAGULABLE NITROGEN.— TENTATIVE. 

Prepare a solution of the sample as directed under 46. Employ as large an aliquot of 
the filtrate from the insoluble nitrogen, 46, as practicable, and neutralize to phenol- 
phthalein by the addition of acetic acid or sodium hydroxid, whichever may be neces- 
sary, add 1 oc. of N/1 acetic acid, boil for 2-3 minutes, cool to room temperature, 
dilute to 500 cc. and pass through a folded filter. 

Determine nitrogen in 50 cc. of the filtrate as directed under I, 18, 21 or 23. Ten 
times the percentage of nitrogen so obtained subtracted from the percentage of soluble 
nitrogen (total nitrogen minus the percentage of nitrogen occurring as insoluble nitrogen) 
gives the percentage of nitrogen present as coagulable nitrogen. Multiply this figure 
by 6.25 to obtain the percentage of coagulable protein in the sample. 

48 PROTEOSES AND GELATIN i'.— TENT ATIVB. 

Evaporate the filtrate from 47 to a small volume and saturate with zinc sulphate 
(about 85 grams to 50 cc., avoiding such an excess as would later cause bumping). 
Let stand several hours, filter and wash the precipitate with saturated zinc sulphate 
solution, place the filter and precipitate in a Kjeldahl flask and determine nitrogen as 
directed under I, 18, 21 or 23. Or, if the preci|Mtate is voluminous, which rarely 
happens, make up to a definite volume with saturated zinc sulphate 8oluti<m, filter 
and determine the nitrogen in an aliquot of the filtrate, as directed under I, 18, 21 or 
23, and subtract the nitrogen thus obtained from the nitrogen in the filtrate from the 
coagulable nitrogen to obtain the nitro^^n of the precipitated protein (proteoses and 
gelatin). 

49 GELATIN.— TBNTATIVB. 

Prepare a 50 per cent solution of the sample, using hot water. Allow to co<^ and 
place in an ice box for 2 hours. If gelatin is present, the solution will set. 
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The ratio of total creatinm to total niUogen in a nonnal meat extract (1 : 1.5) assists 
in determining the presence of ^atin or gelatin derivatives. The ratio is decreased 
when gelatin or gelatin derivatives are present in any considerable amount. 

50 AMUIO llITKOOBH.~-TBIfTATlVE. 

Proceed as directed under 32 or 33, using an aliquot of the filtrate from 47. 

51 AaD ALCOHOI^SOLimiS KITROGBN^<.— TBNTATIVB. 

Transfer 10 cc. of an aqueous solution of the sample (10 grams of the sample dis- 
solved in sufficient water to make 100 cc.) or, if the sample is insoluble in water, 1 gram 
ci the sample and 10 cc. of water, •to a 200 cc. glasa^toppered measuring cylinder, add 
1.2 cc. of 12 per cent hydrochloric acid, mix and add absolute alcohol to the 200 cc. 
mark. Mix thoroughly and set aside for several hours. If necessary make up to 
volume, filter, transfer 100 cc. of the filtrate to a Kjeldahl flask, evaporate the alcohol 
on a water bath and determine nitrogen in the residue as directed under 1, 18, 21 or 23. 

52 CRBATIN.— OmCIAL. 

Dissolve about 7 grams of the sample in cold (20^C.) ammonia-free water in a 150 cc. 
beaker, transfer the solution to a 250 cc. measuring flask, dilute to the mark and mix 
thoroughly. Transfer a 20 cc. aliquot of this solution to a 50 cc. measuring flask and 
proceed as directed under 29. Subtract from the combined creatinin value the equiva- 
lent of the pre-formed creatinin, 53, and multiply the difference by 1.16 to convert 
into creatin. Express the result as per cent of creatin. 

53 CRSATIiniT.— OFnCIAL. 

For creatinin in beef extract measure about 5 cc. of the solution employed in 52 
into a 500 cc. measuring flask, add 10 cc. of 10 per cent sodium hydroxid solution and 
30 cc. of the saturated picric acid solution (1.2 per cent), mix and rotate for 30 seconds. 
Allow to stand exactly 4.5 minutes, then dilute to the mark at once with water. Shake 
thoroughly and read the depth of color after standing. If the reading is less than 7 
or more than 9.5 nun., repeat, calculating the quantity of solution necessary to obtain 
a reading of about 8 mm. Express the result as per cent of creatinin, making the 
calculations as indicated under 29. 

54 niTRATBS*— tbhtativb. 

Proceed as directed under 11 or 13. 

55 GLTCBROL'^— TVNTATIVB. 

Weigh 2 grams of a solid or 5 grams of a liquid preparation in a small lead dish or 
Hofmeister Schalchen containing 20' grams of ignited sand. Transfer the dish and its 
contents to a mortar containing more ignited sand and several grams of anhydrous 
sodium sulphate and mix thoroughly. Transfer the mixture, including the dish, to a 
Soxhlet apparatus which has a piece of cotton placed in the side arm to prevent solid 
particles from being siphoned over. Extract the entire mass with redistilled anhydrous 
acetone for 10 hours. Distfl the acetone from the extract, carefuUy removing the last 
trace by means of a vacuum pump. Take up the residue in water, add 5 cc. of 10 
per cent silver nitrate solution, make up to a volume of 100 cc., shake, allow to stand 
overnight, filter and determine glycerol in an aliquot of the filtrate as directed under 
XVIII, 6, beginning at the point **Add * * * 30 cc. of the strong potassium 
dichromate solution". With solid meat and yeast extracts a blank of 0.5-1 .0 per cent 
is obtained in most cases. 
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56 SUGAR.— TBNTATIVB. 

Heat 20 grams of the sample with about 200 cc. of water on a steam bath until all 
soluble substances have gone into solution, cool and proceed from this point as directed 
under 20. Reducing sugar up to 0.5 per cent may be present as a natural constituent 
of meat extracts. 

57 PRBSBRVATIVBS.— OFFICIAL. 
Proceed as directed under IX. 

58 MBTALS.— TBRTATIVB. 
Proceed as directed under XI. 
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XXI. DAIRY PRODUCTS. 

lilLK. 

1 SOLIDS.— OFFICIAL. 

Heat 3-5 grams of the milk at the temperature of boiling water until it ceases to 
lose weight, using a tared, flat-bottomed dish of not less than 5 cm. diameter. If desired, 
previously place 15-20 grams of pure, dry sand in the dish. Cool in a desiccator and 
weigh rapidly to avoid absorption of hygroscopic moisture. 

2 ASH.— OFFICIAL. 

Weigh about 20 grams of the milk in a tared dish, add 6 cc. of nitric acid, evaporate 
to dryness and ignite at a temperature just below redness until the ash is free from 
carbon. 

3 TOTAL IflTROGEll.— OFFICIAL. 

Place about 5 grams of the milk in a Kjeldahl digestion flask and proceed, without 
evaporation, as directed under I, 18, 21 or 23. Multiply the percentage of nitrogen 
by 6.38 to obtain the equivalent percentage of nitrogen compounds. 

CASBm. 

(This determination should be made while the milk is fresh, or nearly so. When it is 

not practicable to make this determination within 24 hours, add 1 part of 

fomialdehyde to 2500 parts of milk and keep in a cool place.) 

4 Method I. --Official 

Place 10 grams of the milk in a beaker with 90 cc. of water at 40°-42°C. and add 
at once 1.5 cc. of 10 per cent acetic acid. Stir and let stand 3-5 minutes. Then decant 
on a filter, wash by decantation 2 or 3 times with cold water and transfer the precipi- 
tate to the filter. Wash once or twice on the filter. The filtrate should be clear, or 
very nearly so. If the first portions of the filtrate are not clear, repeat the filtration, 
after which complete the washing of the precipitate. Determine nitrogen in the washed 
precipitate and filter paper as directed under I, 18, 21 or 23, and multiply by 6.38 
to obtain the .equivalent of casein. 

In samples of milk which have been preserved, the acetic acid should be added 
in small portions, a few drops at a time, with stirring, and the addition continued until 
the liquid above the precipitate becomes clear, or very nearly so. 

5 Meduxi 11. —Official 

To 10 grams of the milk add 50 cc. of water at 40^C., then 2 cc. of alum solution 
saturated at 40''C., or higher. Allow the precipitate to settle, transfer to a filter and 
wash with cold water. Determine nitrogen in the precipitate and filter paper as di- 
rected under I, 18, 21 or 23, and multiply by 6.38 to obtain the equivalent of casein. 

ALBUMIN. 

6 Method I.— Official 

Exactly neutralize the filtrate, obtained in 4, with sodium hydroxid solution, add 
0.3 cc. of 10 per cent acetic acid and heat on a steem bath until the albumin is com- 
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pletely precipitated. Collect the precipitate on a filter, wash with cold water, deter- 
mine the nitrogen as directed under I, 18, 21 or 23, and multiply by 6.38 to obtain 
the equivalent of albumin. 

7 Method IL— Official 

To the filtrate obtained from the casein determination, 5, add 0.3 cc. of 10 per cent 
acetic acid, boil until the albumin is completely precipitated and proceed as directed 
under 6. 

LACTOSE. 

Opiical Method.— Official. 

8 REAOENT8. 

(a) Acid mercuric nitrate solution. — Dissolve mercury in double its weight of nitric 
acid (sp. gr. 1.42) and dilute with an equal volume of water. 

(b) Mercuric iodid solution. — Dissolve 33.2 grams of potassium iodid and 13.5 
grams of mercuric chlorid in 20 cc. of glacial acetic acid and 640 cc. of water. 



y DETERMINATION. 

Determine the specific gravity of the milk by means of a delicate hydrometer or, if 
preferred, a pycnometer. The quantity of sample to be taken for the determination 
varies with the specific gravity and is to be measured at the same temperature at which 
the specific gravity is taken. The volume to be measured will be found in Table 12 
(10), which is based upon twice the ncNrmal weight of lactose (32.9 grains per 100 cc.) 
for the Ventzke sugar scale. 

Place the quantity of milk indicated in 10 in a flask graduated at 102.6 cc. Add 1 cc. 
of the acid mercuric nitrate solution or 30 cc. of the mercuric iodid solution (an excess 
of these reagents does no harm), fill to the mark, shake, filter through a dry filter and 
polarize. It is not necessary to heat before polarizing. If a 200 mm. tube is used, divide 
the polariscope reading by 2 (or, if a 400 mm. tube is used, by 4) to obtain the per cent 
of lactose in the sample. 

Table 12. 

10 Volumes of milk corresponding to a lactose double normal weight^. 
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11 Gravimetric Method. — Official. 

Dilute 25 grams of the milk with 400 cc. of water in a 500 cc. graduated flask, add 
10 cc. of copper sulphate solution [VII, 19 (a)] and about 7.5 cc. of a potassium 
hydroxid solution of such strength that one volume is just sufficient to precipitate 
completely the copper as hydroxid from one volume oi the copper sulphate solution. 
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Instead of potassiuiii hydroidd solution of this strength, 8.8 cc. of N/2 sodium hydroxid 
solution may be used. After the addition c^ the alkali solution the mixture must still 
have an acid reaction and contain copper in solution. Fill the flask to the 500 cc. mark, 
miz» filter through a dry filter and determine lactose in an aliquot of the filtrate as 
directed under VII, 45 or 47. 

FAT. 

12 Roese-GoUlieb Melhod'.--OfflciaL 

Weigh 10-11 grams of the milk into a Rohrig tube or some similar apparatus, add 
1.25 cc. of concentrated ammonium hydroxid (2 cc. if the sample is sour) and mix 
thoroughly. Add 10 cc. of 95 per cent alcohol by volume and mix well. Then add 25 
cc. of washed ether and shake vigorously for 30 seconds, then 25 cc. of petroleum ether 
(redistilled slowly at a temperature below 60**C.) and shake again for 30 seconds. 
Let stand 20 minutes, or until the upper liquid is practically clear. Draw off as much 
as possible of the ether-fat solution (usually 0.&-0.8 cc. will be left) into a weighed 
fla^ through a small, quick-acting filter. The flask should always be weighed with a 
similar one as a counterpoise. Re-ex tract the liquid remaining in* the tube, this time 
with only 15 cc. of each ether, shake vigorously 30 seconds with each and allow to 
settle. Draw off the clear solution through the smaU filter into the same flask as before 
and wash the tip of spigot, the funnel and the filter with a few cc. of a mixture of the 
2 ethers in equal parts free from suspended water. For absolutely exact results the 
re-extraction must be repeated. This third extraction yields usually not more than 
about 1 mg. of fat if the previous ether-fat solutions have been drawn off closely. 
Evaporate the ethers slowly on a steam bath, then dry the fat in a boiling water oven 
to constant weight. 

Confirm the purity of the fat by dissolving in a little petroleum ether. Should a 
residue remain, remove the fat completely with petroleum ether, dry the residue, 
weigh and deduct the weight. Finally correct this weight by a blank determination 
on the reagents used. 

Babcock Method. — Official, 
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APPARATUS. 



(a) Siandard Babcock test bottles. — The standard Babcock test bottles for milk and 
cream shall be as follows: 

(1) ^ per cent, 18 gram, 6 inch milk test bottle. — The total per cent graduation shall 
be 8. The total height of the bottle shall be 150-165 mm. (51-6J inches). The capacity 
of the bulb up to the junction with the neck shall be not less than 45 cc. The graduated 
portion of the neck shall have a length of not less than 63.5 mm. (2} inches) and the 
neck shall be cylindrical for at least 9 mm. below the lowest and above the highest 
graduation marks. The graduations shall represent whole per cents, halves and tenths 
of a per cent. 

(2) 50 per cent, 9 gram, 6 inch cream test bottle. — ^The total per cent graduation shall 
be 50. The total height of the^bottle shall be 150-165 mm. (5i-6i inches). The capacity 
of the bulb up to the junction with the neck shall be not less than 45 cc. The graduated 
portion of the neck shall have a length of not less than 63.5 mm. (2} inches) and the 
neck shall be cylindrical for at least 9 mm. below the lowest and above the highest 
graduation marks. The graduations shall represent five per cents, whole per cents 
and halves of a per cent. 

(3) 50 per eeni^ 9 gram, 9 inch cream test bottle. — Same as (2) except that the total 
height of the bottle shall be 210-2^ mm. (8^-8} inches). 
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(b) Centrifuge. 

(C) Pipettes. — Graduated to deliver 17.6 cc. of water at 20*0. in 5-8 seconds. 

(d) Graduates. — Capacity 17.5 cc., or a Swedish acid bottle delivering that amount. 
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GAUBRATION OF APPARATUS. 



(a) Graduation. — ^The unit of graduation for all Babcock glassware shall be the 
true cc. (0.9d8877 gram of water at 4''G.). 

With bottles, the capacity of each per cent on the scale shall be 0.20 cc. 

With pipettes and graduates, the delivery shall be the intent of the graduation; 
and the graduation shall be read with the bottom of the meniscus in line with the 
mark. 

(b) Testing. — ^The method for testing Babcock bottles shall be calibration with 
mercury (13.5471 grams of clean, dry mercury at 20^C., to be equal to 5 per cent on 
the scale), the bottle being previously filled to zero with mercury. 

The mercury and cork, alcohol and burette, and alcohol and brass plunger methods 
may be employed for the rapid testing of Babcock bottles, but the accuracy of all 
questioncdble bottles shall be determined by calibration with mercury. 

The method for testing pipettes and graduates shall be calibration by measuring 
in a burette the quantity of water (at 20**C.) delivered. 

(C) Limit of error. — For standard Babcock milk bottles the error at any point of the 
scale shall not exceed 0.1 per cent. 

For standard Babcock cream bottles the error at any point of the scale shall not 
exceed 0.5 per cent. 

For standard milk pipettes the error shall not exceed 0.05 cc. 

For acid measures the error shall not exceed 0.2 cc. 
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DETERMINATION. 



Pipette 17.6 cc. of the carefully mixed sample into a test bottle and add 17.5 cc. of 
commercial sulphuric acid (sp. gr. 1.82-1.83). Mix and, when the curd is dissolved, 
centrifulgalize for 4 minutes at the required speed for the machine used. Add boiling 
water, filling to the neck of the bottle, and whirl for 1 minute; again add boiling water 
so as to bring the fat within the scale on the neck of the bottle, and, after whirling for 
1 minute more, read the length ef the fat column, making the reading at 57°-60^C., 
at which temperature the fat is wholly liquid. The reading gives directly the per cent 
of fat in the milk. 

Details of the manipulation of the Babcock test and its application in the analysis 
of dairy products other than milk are described by Farrington and Woll', and Van 
Slyke*. 

ADDBD Watbr. 

(In coi^unction with the copper, acetic or sour serum refraction method, the determina- 
tion of the ash of the sour serum or of the acetic serum should be made in all 
cases where the indices of refraction fall below the minimum limit so as 
to eliminate all possibility of abnormal milk.) 

16 ACETIC SERUM.— OFnCIAL. 

(a) Zeiss immersion refractometer reading. — To 100 cc. of milk at a temperature of 
about 20*^0. add 2 cc. of 25 per cent acetic acid (sp. gr. 1.035) in a beaker and heat the 
mixture, covered with a watch glass, in a water bath for 20 minutes at a temperature 
of 70°C- Place the beaker in ice water for 10 minutes and separate the curd from the 
serum by filtering through a 12.5 cm. folded filter. ^Transfer about 35 cc. of the serum 
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to one of the beakers that accompanies the control-temperature bath used in con- 
nection with the Zeiss immersion refractometer, and take the refractometer reading 
at exactly 20"G., using a thermometer graduated to tenths of a degree. A reading 
below 39 indicates added water; between 39 and 40, the addition of water is suspected, 
(b) Ash, — ^Transfer 25 cc. of the serum to a flat-bottomed platinum dish and evapo- 
rate to dryness on a water bath. Then heat over a low flame (to avoid spattmng) until 
the contents are thoroughly charred, place the dish in an electric muffle, preferably 
with pyrometer attached, and ignite to a white ash at a temperature not greater than 
500*G. (900^F.). Cool and weigh. Express the result as grams per 100 oc. Results 
below 0.715 gram per 100 cc. indicate added water. The acetic serum ash, multiplied 
by the factor 1.021, equals the sour serum ash (dilution of the acetic serum being 2 per 
cent). 

17 SOUR 81RUM.— TBHTATIVB. 

(a) Zeiss immersion refraciomeier reading*. — ^AIlow the milk to sour spontaneously, 
filter and determine the inunersion refractometer reading of the clear senun at 20°G. 
A reading below 38.3 indicates added water. 

(b) Ahh*. — Determine the ash in 25 cc. of the serum, obtained in (a), as directed 
in 16 (b). Results below 0.730 gram per 100 cc. indicate added water. 

18 ZnSS RHKACTOMSTBR RBADIHO of copper SBRtnC-^TBllTATlVB. 

To one volume of copper sulphate solution (72.5 grams of copper sulphate per hter, 
adjusted if necessary to read 36 at 20°C. on the scale of the Zeiss immersion refrac- 

tometer, or, to a specific gravity of 1.0443 at —^') add 4 volumes of milk. Shake well 

and filter. Determine the Zeiss refractometer reading of the clear serum at 20®G. A 
reading below 36 indicates added water. 

OBLATIN. 

19 Qualitative Test.—Tenlatioe. 

To 10 cc. of the milk add an equal volume of acid mercuric nitrate solution (mercury 
dissolved in twice its weight of nitric acid (sp. gr. 1.42) and this solution diluted to 
25 times its vt^ume with water), shake the mixture, add 20 oc. of water, shake again, 
allow to stand 5 minutes and filter. If much gelatin is present, the filtrate will be 
opalescent and can not be obtained quite clear. To a portion of the filtrate contained 
in a test tube, add an equal volume of saturated aqueous picric acid solution. A yellow 
precipitate will be produced in the presence of any considerable amount of gelatin, 
while smaller amounts will be indicated by a cloudiness. In the absence of gelatin the 
filtrate will remain perfectly clear. 

20 PRBSBRVATIVBS.— OFFICIAL. 

Proceed as directed under IX. To test for salicylic or benzoic acid acidify 100 cc. 
of the milk with 5 cc. of hydrcx;hloric acid (1 to 3), shake until curdled, filter and treat 
the clear filtrate as directed under IX, 2, 3 or 8. 

To test for formaldehyde proceed as directed under IX, 17, 18, 19, 20, 21, 22, 
23 or 24, applying the test directly to the milk. 

21 COLORING MATTERS.— TBNTATIVB. 

Warm about 150 cc. of milk in a casserole over a flame and add about 5 cc. of acetic 
acid, then slowly continue the heating nearly to the boiling point while stirring. Crather 
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the curd, when possible, into one mass with a stirring rod and pour off the whey. If the 
curd breaks up into small flecks, separate from the whey by straining through a sdve or 
colander. Press the curd free from adhering liquid, transfer to a small flask and macerate 
for several hours, preferably overnight, in about 50 cc. of ether, the flask being tightly 
corked and shaken at intervals. Decant the ether extract into an evaporating dish, 
remove the ether by evaporation and test the fatty residue for annatto as directed 
under X, 24. 

The curd of an uncolored milk is perfectly white after complete extraction with 
ether, as is also that of a milk colored with annatto. If the extracted fat-free curd is 
distinctly colored an orange or yellowish color, a coal tar dye is indicated. In many 
cases upon treating a lump of a fat^ree curd in a test tube with a little ationg hydro- 
chloric acid the color changes to pink, indicating the presence of a dye similar to aniline 
yellow or butter yellow or perhaps one of the acid azo yellows or oranges. In such 
cases, separate and identify the coloring matter present in the curd as directed under 
X. If aniline yellow, butter yellow, or any other oil-soluble dye is present, the greater 
part will be found in the ether extract containing the fat. In such cases proceed as 
directed under X, 3. 

In some cases the presence of coal tar dyes can be detected by treating about 10 cc. 
of the milk directly with an equal volume of hydrochloric acid (sp. gr. 1.20) in a porce- 
lain casserole, giving the dish a slight rotary motion. In the presence of some dyes the 
separated curd acquires a pink coloration. 

CREAM. 

22 SOLIDS.— OFFICIAL. 

Proceed as directed under 1, employing 2-3 grams of the sample. 

23 ASH.— OFFICIAL. 
Proceed as directed under 2. 

24 TOTAL mTROGEll.-OFFICIAL. 
Proceed as directed under 3. 

LACTOSE. 

25 Grtmimttrio Method.— OffkiaL 

Proceed as directed under 11. 

FAT. 

26 Extraction Method. — Official. 

Weigh 4r-5 grams of the homogeneous sample into a Rohrig tube or similar apparatus, 
dilute with #ater to about 10.5 cc. and proceed as directed under 12. 

27 Babcock Method.— Official. 

Weigh 9 or 18 grams, depending upon the fat content of the sample, into a standard 
Babcock cream bottle and proceed as directed under 15. 

28 GELATIN.— TBIITATIVB. 

Proceed as directed under 19. 
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29 COLORIirO MATTBRS.— TBRTATIVS. 

Proceed as directed under X, particularly 3 aod 24 for the detection of oil-4oluble 
coal tar dyes and annatto. 

30 PRBSBRVATIVSS.-OFVICIAL. 

Proceed as directed under IX. 

31 CONDENSED MILK (UNSWEETENED). 

DQute 40 grams of tJie homogeneous sample with 60 grams of water and proceed as 
directed under 1 to 15, inclusive, correcting the results for the dilution, other tests 
being applied as directed under 19, 20 and 21. 

SWEETENED CONDENSED MILK. 

32 PREPARATION OF SAMPLE.— OFHCIAL. 

If the can is cold, place it in water at 30^-^^G. until warm. Open, scrape out all 
milk adhering to the interior of the can and mix by transferring the contents to a dish 
suiBciently large to permit stirring thoroughly and make the whole mass homogeneous. 
Weigh 100 grams into a 500 cc. flask and make up to the mark with water. If the milk 
wiU not dissolve completely, weigh out each portion for analysis separately. 

33 TOTAL SOLIDS.— OFFICIAL. 

Use 10 oc. of the solution, prepared as directed under 32, and proceed as directed 
under 1, drying on either sand or asbestos fiber. 

34 ASH.— OFFICIAL. 

Evaporate 10 cc. of the solution, prepared as directed under 32, to dryness on a 
water bath and ignite the residue as directed under VII, 4. 

35 PROTBOr,— OFFICIAL. 

Determine nitrogen as directed under I, 18, 21 or 23, using 10 oc. of the solution 
prepared as directed under 32, without evaporation and multiply by 6.38 to obtain 
the equivalent of protein. 

36 LACTOSB^-OFnCIAL. 

Dilute 100 cc. of the solution, prepared as directed under 32, in a 250 cc. flask to 
about 200 cc., add 6 cc. of Fefaling*s copper sulphate solution [VII, 19 (a)] and make 
up to the mark. Filter through a dry filter and determine lactose as directed under 

VII, 45 or 47. 

37 FAT OR ETHER BXTRAQT,— OFHCIAL. 

Weigh 4-5 grains of the homogeneous sample into a Rohrig tube or some similar 
apparatus, dilute with water to about 10.5 cc. and proceed as directed under 12. 

SUCROSE.- TENTATIVE. 

38 BEAQENT^. 

To 220 grams of yeUow mercuric oxid add 300-400 cc. of water and sufficient nitric 
acid to form a clear solution (about 140 oc. wiU be enough), being careful to use the 
least possible excess ot acid. DUute to 800-000 cc. and add sodium hydroxid solution 
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slowly and with constant ^baking until a slight permanent precipitate is obtained. 
Dilute to 1 liter and filter. The solution tends to become acid with age due to the 
deposition of basic mercuric salts. For this reason dflute alkali should be added occa- 
sionally until a slight permanent precipitate is formed and the solution filtered. 
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DETERMINATION. 



Introduce 50 cr. of the soluticn prepared as directed under 32 into a 100 cc. 
graduated flask, add 25 cc. of water, mix, add 5 cc. of the mercuric nitrate reagent, and 
shake thoroughly. Without delay, and while shaking constantly, add sufficient N/2 
sodium hydroxid solution to render the mixture neutral to litmus paper, being careful 
to avoid an alkaline reaction (usually 12-13 oc. will be required). Make up to 100 cc. 
with water, mix thoroughly and filter through a dry paper. Polarize the filtrate in a 
200 mm. tube, then invert at room temperature as directed under VII, 14, and 
polarize the inverted solution. Correct both readings for the volume occupied by the 
protein, 35, and the fat, 37, one gram of protein occupying a space of 0.8 cc. and one 
gram of fat, 1.075 cc. Calculate the per cent of sucrose by the following formula, 
using the corrected direct and invert readings obtained above. 

100 (a-b) 26 
S » X r;: in which 

142.35^^ ^ 
2 

S » per cent of sucrose in the sample, 
a B corrected direct polarization, 
b » corrected invert polarization, 
t B temperature of solution polarized, 
W « weight of sample taken (10 grams). 

BUTTER AND ITS SUBSTITUTS& 

40 PREPARATION OF SAMPLB.— OPHCIAL. 

If large quantities of butter are to be sampled, use a butter trier or sampler. Melt 
completely the portions thus drawn, 100-500 grams, in a closed vessel at as low a 
temperature as possible. When melted, cool and, at the same time, shake the mass 
vi<Jent]y until it is homogeneous and solidified sufficiently to prevent the separation 
of the water and /at. Then pour a portion into the vessel from which it is to be weighed. 
The sample should completely or nearly fill the vessel and should be kept in a cool 
place until analyzed. 

41 MOISTURE.— OFFICIAL. 

Weigh 1.5-2.5 grams of the sample into a flat-bottomed dish, having a sinfaoe of 
at least 20 sq. cm., dry at the temperature of boiling water and weigh at hourly intervals 
until the weight becomes constant. The use of dean, dry sand or asbestos is admissible. 

ETHER EXTRACT. 

■ 

42 Indirect Method.—Offieial. 

Dissolve the dry butter, obtained in the moisture determination in which no ob- 
sorbent was used, in absolute ether or petroleum ether, transfer to a weighed Goocfa 
crucible with the aid of a wash bottle filled with the solvent and wash until free from 
fat. Dry the Gooch and contents at the temperature of boiUng water until the weight 
is constant and determine the fat by difference. 
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43 Direct Method.— Official. 

From the dry butter, obtained in the determination of moisture, either with or with- 
out the use of an absorbent, extract the fat with anhydrous, alcohol-free ether, receiv- 
ing the solution in a weighed flask. Evaporate the ether, dry the extract at the tem- 
perature of boiling water and weigh at hourly intervals until the weight is constant. 

44 CASEIN, ASH AND CHLORIN.— OFHCIAL. 

Cover the crucible, containing the residue from the fat determination by the indirect 
method, 42, and heat gently at first, then raise the temperature gradually to just below 
redness. The cover may then be removed and heating continued untU the contents 
of the crucible are white. The loss in weight represents casein, and the residue in the 
crucible, mineral matter. Dissolve this mineral matter in water slightly acidified 
with nitric acid and determine chlorin, either gravimetrically as directed under I, 16 
(a), or vohimetriealiy as directed under II, 17. 

45 SALT.— OFFICIAL. 

Weigh in a counterpoised beaker 5-10 grams of butter, using portions of about 1 
gram each from different parts of the sample. Add about 20 cc. of hot water and, 
after the butter is melted, transfer the whole to a separatory funnel. Insert the stopper 
and shake for a few moments. Let stand until all the fat has collected on the top of 
the water, then draw off the latter into a flask, being careful to let none of the fat 
globules pass. Again add hot water, rinsing the beaker, and repeat the extraction 
10-15 times, using 10-20 cc. of water each time. The washings will oontain all but a 
mere trace of the sodium chlorid originally present in the butter. Determine the amount 
in the whole or an aliquot of the liquid by titration with standard sOver nitrate, using 
potassium chromate as an indicator. 

Examination of Fat. 
46 prbpahation of samfix^-ofncial. 

Melt the butter and keep in a dry place at about 60°C. for 2-3 hours or until the 
water and curd have entirely separated. Filter the dear, supernatant fat through a 
dry filter paper in a hot water funnel or in an oven at about 60**G. If the filtered liquid 
fat is not perfectly clear, refilter. 

47 Pky$ical and Chemical Methods, 
Proceed as directed under XXII. 

48 Microscopic Method. — Official. 

Place on a slide a small portion of the fresh, unmelted sample taken from the inside 
of the mass, add a drop of pure olive oil, apply a cover-ghiss with gentle pressure, and ex- 
amine with magnification of 120-160 diameters for crystals of lard, etc. Examine the 
same specimen with polarized light and a selenite plate without the use of oil. Pure 
fresh butter will show neither crystals nor a parti-colored field with selenite. Renovated 
butter or other fats melted and cooled and mixed with butter will usually present 
crystals and variegated colors with the selenite plate. 

For further microscopic study dissolve in a test tube 3-4 cc. of the fat in 15 cc. of 
ether. Close the tube with a loose plug of cotton wool and allow to stand 12-24 hours 
at 20°-25^C. When crystals form at the bottom of the tube, remove with a pipette, 
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glass rod or tube, place on a slide, cover and examine under a microscope. The crystals 
formed by later deposits may be examined in a similar way. Ckunpare with crystals 
obtained in the same way from samples of known purity. 

49 PRBSBRyATIVBS.-OFFICIAL. 
Proceed as directed under IX. 

50 COLORING MATTERS.— TBIfTATIVB. 

Pour about 2 grams of the filtered fat, dissolved in ether, into each of two test tubes. 
Into one of the tubes pour 1-2 cc. of hydrochloric acid and into the other about the 
same volume of dilute potassium hydroxid solution. Shake the tubes well and allow 
to stand. In the presence of aao dyes the test tube to which the acid has been added 
wfll show a pink to wine-red colcMration, while the potash solution in the other tube 
will show no color. If, on the other hand, annatto or other vegetable color has been 
used, the potash solution will be colored yellow, while no color will be apparent in the 
acid solution. 

General test. — Proceed as directed under X, particularly 3 and 24, for the detection 
of oil-soluble coloring matters and annatto. 

RBHOVATED buttbr ahd ouoicargarihb. 

51 Foam Te9t— Tentative. 

Heat 2-3 grans of the sample^ in either a spoon or dish, over a free flame. True 
butter will foam abundantly, whereas process butler will bunp and sputter, like hot 
grease, without foaming* Oleomargarine behaves like process butter, but chemical 
tests will detennine whether the samite is oleomargarine or butler. 

52 MelUd Fat TesL-^Tentaiive. 

Melt 50-100 grams of butter or renovated butter at 50^G. The curd from butter 
will settle, leaving a clear supernatant fat; in the case of renovated butter, the super- 
natant fat remains more or less turbid. 

53 SBLBCnOll AND PREPARATION OF THB SAMPLB.-OnncIAL. 

When the cheese can be cut, take a narrow, wedge-shaped segment reaching from 
the outer edge to the center of the cheese. Gut this into strips and pass three times 
through a sausage machine. When the cheese can not be cut, take the sample with a 
cheese trier. If only one plug can be obtained, take it perpendicular to the surface of 
the cheese at a point one-third the distance from the edge to the center and extending 
either entirely or half way through it. When possible, draw three plugs, one from the 
center, one from a point near the outer edge, and one from a point half way between 
the other two. For inspection purposes reject the rind, but for investigations requiqng 
the absolute amount of fat in the cheese include the rind in the sample. Either grind 
the plugs in a sausage machine or cut them very finely and mix carefully, preferably 
the former. 

54 MOISTURE.— TENTATIVE. 

Place 2-3 grams of very short fiber asbestos (the long fiber may be made suitable 
by rubbing it through a fine sieve) in a flat-bottomed platinum dish, 6-7 cm. in diameter, 
and press the asbestos down firmly. Place in the dish a glass rod, about 5 mm. in diam- 
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eter and slightly longer than the diameter of the dish. Ignite, cool and weigh the diah 
and contents. Then weigh into the dish 4-5 grams of the sample, prepared as directed 
under 53, and mix the cheese and asbestos intimately with the glass rod until the mass 
is homogeneous. Leave the mass in as loose a condition as possible to facilitate the 
drying. Dry the mixture in an oven at lOO^C. and weigh at 1-1.5 hour intervals until 
the weight becomes constant (thr^ weighings are usually sufficient). 

55 ASH AND SALT.— OPnClAL, 

The dry residue from the moisture detenninata(Ni may be used for the determination 
of ash. If the cheese be rich in fat, the asbestos will be saturated with it. Ignite cau- 
tiously to avoid spattering and renoove the lamp while the fat is burning. When the 
flame has died out, complete the ignition in a muffle at low redness. When desired, 
the salt may be determined in the ash, as directed under 44. 

56 NITROGEN.— OFnCIAL. 

Determine nitrogen as directed under 1, 18, 21 or 23, using about 2 grams of cheese* 
and multiply the percentage of nitrogen by 6.38 to obtain the per oent of nitrogen 
c<Hnpoonds. 

57 ACIDITY.— OFnCIAL. 

To 10 grams of finely divided cheese add water at a temperature of 40^. until the 
volume equals 105 cc., shake vigorously and filter. Titrate 25 cc. portions of the filtrate, 
representing 2.5 grams of the sample, with standard sodium hydroxid, perferably N/10, 
using phenolphthalein as an indicator. Express the result in terms of lactic acid. 

58 OOLOSmG MATTKE8.— TBNTATIVB. 

Proceed as directed under X. 

FAT. 

59 Gravimetric MeUwd.-— Official. 

Ck>ver the perforations in the bottom of an extraction tube with dry asbestos feit^ 
and place on this a mixture containing equal parts of anyhydrous copper sulphate 
and pure, dry sand to a depth of about 5 cm., packing loosdy. GoVer the upper surface 
of this material with a layer of asbestos. Place on this 2-5 grams of the sample and 
extract with anhydrous ether for 5 hours in a continuous extraction apparatus. Re- 
move the cheese to a mortar and grind ft with pure sand to a fine powder, return the 
mixed cheese and sand to the* extraction tube, wash the mortar with ether, add the 
washings to the tube and continue the extraction for at least 10 hours. 

60 SchmidirBondzynski Method^ Modified. — Teniaiioe. 

Rub up, by means of a glass rod, 1 gram of the homogeneous sample with 9 cc. of 
water, and 1 cc. of concentrated ammonium hydroxid in a narrow 100-125 cc. beaker. 
Digest the mixture at a low heat until the casein is well softened, neutralize with con- 
centrated bydroohloric acid, using litmus as an indicator and add 10 oc. more of con- 
centrated hydrodikxic acid. Add a pinch of sand to prevent bumping and boil gently 
for 5 minutes, keeping the beaker covered with a watch glass. Ckx^ the solution, transfer 
to a Rohrig tube or some similar apparatus, rinse the beaker with 25 cc. of washed 
ethyl .ether and shake well. Add 25 oc. of redistilled petroleum ether (b. p. below 
65°.G.)> 1^ the solutions separate and proceed from this point as directed under 12. 
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61 Babeoek Method.— Teniatwe, 

Weigh about 6 grains of the cheese ui a tared dish. Add 10 cc. of boiling water and 
stir with a rod until the cheese softens and an even emulsion is formed, preferably 
adding a few drops of strong anunonium hydroxid, and keep the beaker in hot water 
until the emulsion is nearly completed and the mass is free from lumps. If the sample 
is from a whole milk cheese, employ a Babcock cream bottle. After cooling, transfer 
the contents of the beaker to the test bottle by adding to the beaker about one-half 
of the 17.6 cc. of sulphuric acid usually employed in this test, stirring with a rod, and 
pouring carefully into the bottle, using the remainder of the acid in two portions for 
washing out the beaker. Then proceed as directed und«*r 15. Multiply the fat reading 
by 18 and divide by the weight of the sample taken to obtain the per cent of fat. 

BzAioNAiioN or Fat. 

62 PREPARATION OF SAMPLE.— TBNTATIVB. 

(a) Alkaline extraction. — Treat about 300 grams of the cheese, cut into fragments 
the size of a pea, with 700 oc. of 6 per cent potassium hydroxid solution at 20**G. in a 
large, wide-necked flask, shaking vigorously to dissolve the casein. In 5-10 minutes 
the casein will be dissolved and the fat will rise to the surface in lumps. Cx^ect the 
lumps of fat into as large a mass as possible by shaking gently. Pour cold water into 
the flask until the fat is driven up into the neck and remove it by suitable means. 
Wash the fat thus obtained with just sufficient water to remove the residue of the 
alkali which it may contain. The fat is not perceptibly attacked by the alkali in this 
treatment, is practically all separated in a short time and is then easily prepared for 
chemical analysis by filtering and drying as directed under 46. 

(b) Acid extraction. — Pass the cheese through a grinding machine, transfer to a 
large flask and cover with warm water, using 1 cc. for every gram of cheese. Shake 
thoroughly and add sulphuric acid (sp. gr. 1.82-1.825) slowly and in small quantities, 
shaking after each addition of acid. The total amount of acid used should be the same 
as the amount of water employed. Remove the fat, which separates after standing a 
few minutes, by means of a separatory funnel, wash free from acid, filter and dry as 
directed under 46. 

63 Physical and Chemical Methods. 
Proceed as directed under XXII. 

ICE CREAM (PLAIN). 

64 PREPARATION OF SAMPLE. — TENTATIVE. 

AHow the sample to soften at room temperature. Owing to the fact that melted 
butter fat separates out and tends to rise to the surface, it is not advisaUe to soften 
the ice cream by heating on a water bath or over a flame. Mix thoroughly by stirring 
with a spoon or egg beater or by pouring back and forth between beak^v. 

FAT. 

65 Hoese-Gotilieb Method.— Tentaiixe. 

Weigh 4 grams of the thoroughly mixed sample into a small dry beaker, add 3 oc. 
of water, thoroughly mix with a glass rod and transfer to a Rohrig tube or similar 
apparatus, washing out the remaining portion with the aid of an additional 3 cc. of 
water. Add 2 cc. of concentrated ammonium hydroxid, mix thoroughly, and heat in 
a water bath at 60^G. From this point proceed as directed under 12, beginning with 
*'Add 10 oc. of 95 per cent alcohol by volume and mix well'*. 
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66 Harding-Parkin Method. — Tentative, 

Weigh 5 grams of the sample prepared as directed under 64, transfer to a Wener- 
Schmidt extraction tube, add 5 cc. of acetic acid (25 per cent by volume) and warm 
the contents of the tube to about 50*^0. in a water bath. When the protein has dis- 
solved, add 12 cc. of carbon tetrachlorid and shake the tube vigorously for 2 minutes, 
then add 20 cc. of 95 per cent alcohol by volume and shake thoroughly, add 30 cc. of 
petroleum ether, shaking vigorously for 2 minutes, and an additional 15 cc. of the 
same ether and continue shaking 1 minute longer. Close the tube and let stand until 
the liquids have separated. Insert the blowing-off device and blow out the ether layer 
cautiously through a filter into a weighing flask, care being taken that ncme of the 
acid-alcoh(4 layer is blown over. Place 5 cc. of petroleum eth^ in a smaU evapwating 
dish and gently draw it into the tube by suction applied to the blowing-off device. 
After the ether has mixed with the layer in the tube, blow off and filter as before. Add 
5 cc. of carbon tetrachlorid to the contents of the tube, shake thoroughly, then add 
30 cc. of petroleum ether and again shake thoroughly. Allow to stand until the layers 
have separated, blow off the ether layer and wash once as in the first instance. Repeat 
the above operation, using 5 cc. of carbon tetrachlorid and 30 cc. of petroleum ether. 
Wash the filter paper with small portions of petroleum ether. Evaporate the ether 
slowly, heat the flask in an oven at a temperature of lOO^G. and weigh. 

BIBLIOGRAPHY. 
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1 PRXPAHATION OF SAMPLE.— OFFICIAt. 

Melt solid fats and filter by means of a hot water funnel or sunilar apparatus. Make 
the different determinations on samples of this melted, homogeneous mass. Filter oils 
that are not clear. Keep oils and fats in a cool place and protected from light and air, 
otherwise they will soon become rancid. Weigh out at one time as many portions as 
are needed for the various determinations, using a small beaker or weighing burette. 

SPBCIFIC GRAVITY. 

2 ^^ ""75" • — Official 

Determine the specific gravity of the oil at -^' by means of a pycaomet^r as 

directed under XV, 3. 

If the specific gravity of the oil is detomined at other than standard temperature, 
the approximate specific gravity at 2C^G. may be calculated by means of the following 
formula: 

G - G' + 0.0007 (T-2(fC.), in which 

G — specific gravity at 20^0., 

G' «■ specific gravity at -^o"'* 

T = temperature at which the specific gravity was determined, 
0.0007 « mean correction* for VC. 

At (he temperature of boUing voaier. — Official, 

3 STANDARDIZATION OF FLASKS. 

(a) Fill a tared, 25-30 cc. specific gravity flask with freshly boiled hot water. Place 
in a briskly boiling water bath for 30 minutes, replacing any evaporation from the 
flask by the addition of boiling water. Then ineert the stopper, previously heated to 
lOO^C, remove the flask, cool and weigh. 

(b) The following formula may be used for calculating the weight of water (W^ 
which a given flask will hold at T® (weighed in air with brass weights at the tempera- 
ture of the room) from the weight of water (W^) (weighed in air with brass weights at 
the temperature of the room) contained therein at t^: 

W -= W' ^ fl + 0.000026 (T-t)l, in which 

d' *• the density of water at T"*. 
d' «B tiie density of water at t^. 

4 DETERMINATION. 

Fill the dry flask with the dry, hot, freshly filtered fat, which should be entirely 
free from air bubbles, and keep in a water bath for 30 minutes at the temperature of 
boiling water. Inaert the stopper, previously heated to lOO'^C, cool and weigh. Divide 
the weight of contained fat by the weight of contained water previously found to 
obtain the specific gravity. 

The weight of water at boiling temperature must be determined under the baro- 
metric conditions prevailing at the time the determination is made. 

239 
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HfDXZ OF RBTRACTIOII. 

5 General Direclions.^Jfficial. 

Place the instrument in such a position that diffuse daylight or any form of artificial 
light can readily be obtained for illumination. Circulate through the prisms a stream 
of water of constant temperature. 

Determine the index of refraction with any standard instrument, reading oils at 
20*C. and fats at 40*C. 

The readings of the Zeiss butyro-refractometer can be reduced to sti&ndard tem- 
perature by the following formula*: 

R = R' 4- 0.55 (T'-T) in which 

R — the reading reduced to temperature T, 

R' » the reading at T'G. 

T' s the temperature at which reading R' is made, 

T "> the standard temperature, 

0.55 » correction in scale divisions for 1°G. 

With oils the factor 0.58 is substituted in the formula for 0.55, since they have a 
higher index of refraction. 

The readings of instruments, which give the index of refraction directly, can be 
reduced to standard temperature by substituting the factor 0.000365 for 0.55 in the 
formula. As the temperature rises the refractive index falls. 

The instrument used may be standardized with water at 20^., the theoretical re- 
fractive index of water at that tempertture being 1.3330^ Any correction found should 
be made on all readings. 

The index of refraction varies with the specific gravity and in the same direction. 

If the results appear abnormal, compare the specific refractive power' with the normal. 

N-1 
Calculate the specific refractive power from the formula , in which N equab the 

refractive index and D the specific gravity. According to Proctor S the Lorenz formula 

6 By Means qf the Ahbk Refrachmder.^Qgicial. 

To charge the instrument, open the double prism by means of the screw head and 
place a few drops of the sample on the prism or, if preferred, open the prisms slightly 
by turning the screw head and pour a few drops of the sample into the funnel-shaped 
aperture between the prisms. Then close the prisms firmly by tightening the screw 
head. Allow the instrument to stand for a few minutes before the reading is made, so 
that the temperature of the sample and the instrument will be the same. 

The method of measurement is based upon the observation of the position of the 
border line of total reflection in relation to the faces of a prism of flint glass. Bring this 
border line into the field of vision of the telescope by rotating the double prism by 
means of the alidade in the following manner: Hold the sector firmly, move the alidade 
backward or forward until the field of vision is divded into a light and a dark portion. 
The line dividing these portions is the "border line". This, as a rule, will not be a sharp 
line but a band of color. The colors are eliminated by rotating the screw head of the 
compensator until a sharp, cobrless line is obtained. The border line should now be 
adjusted so that it falls on the point of intersection of the cross hairs. Read the refrac- 
tive index of the substance directly on the scale of the sector. Check the correctness of 
the instrument, as directed under 5, or by means of the quartz plate which accompanies 
it, using monobromnaphthalene, and make the necessary correction in the reading. 
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7 By Meatu of the Zeis$»Butyro-Refraeiometer. — Official. 

Place 2 or 3 drops of the filtered fat on the surface of the lower prism. Close the 
prisms and adjust the mirror until it ^ves the sharpest reading. If the reading be in- 
distinct after running water of a constant temperature through the instrument for 
some time, the fat is unevenly distributed on the surfaces of the prism. As the index 
of refraction is greatly affected by temperature, care must be used to keep the latter 
constant. The instrument should be carefully adjusted by means of the standard 
fluid which is supplied with it. Convert the degrees of the instrument into refractive 
indices from (8), Table 13. 



Table 13. 
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Bufyrfhrefractomeier read ngs and ind ces of rejraciion. 



^ gf A ■fc» Mifl 


INDBX OP 


^^ A ff%V1Md 


IN0BX OP 


^tf A ff%V1H^% 


INDBX OP 


^ V & l^ff 1W^ 


INDBX OP 


nEADlrlQ 


RBPlUCnON 


nBADirfQ 


nSPRACtlON 


nEADIIfQ 


RBPAACmOM 


llKADiriO 


MBPRACnON 


40.0 


1.4524 


50.0 


1.4593 


60.0 


1.4659 


70.0 


1.4723 


40.5 


1.4527 


50.5 


1.4596 


60.5 


1.4662 


70.5 


1.4726 


41.0 


1.4531 


51.0 


1.4600 


61.0 


1.4665 


71.0 


1.4729 


41.5 


1.4534 


51.5 


1.4603 


61.5 


1.4668 


71.5 


1.4732 


42.0 


1.4538 


52.0 


1.4607 
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1.4672 
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1.4735 


42.5 


1.4541 
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1.4675 
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43.0 
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1.4678 


73.0 
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1.4616 
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1.4681 


73.5 


1.4744 
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1.4552 
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1.4619 


64.0 


1.4685 


74.0 


1.4747 


44.5 


1.4555 


54.5 


1.4623 


64.5 


1.4688 


74.5 


1.4750 


45.0 


1.4558 


55.0 


1.4626 


65.0 


1.4691 


75.0 


1.4753 


45.5 


1.4562 


55.5 
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1.4694 


75.5 


1,4756 
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1.4697 


76.0 
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1.4762 
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1.4704 
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1.4765 
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1.4576 


57.5 


1.4642 


67.5 


1.4707 


77.5 


1.4768 


48.0 


1.4579 


58.0 


1.4646 


68.0 


1.4710 


78.0 


1.4771 


48.5 


1.4583 


58.5 


1.4649 


68.5 


1.4713 


78.5 


1.4774 


49.0 


1.4586 


59.0 


1.4652 


69.0 


1.4717 


79.0 


1.4777 


49.5 


1.4500 


59.5 


1.4656 


09.5 


1.4720 


79.5 


1.4780 



ICBLTING POINT OF FATS AND FATTT ACIDS. 

Wiky Method.^OfficiaL 

9 REAGENT. 

AlcoM-tcaier mixture. — Specific gravity same as that of the fat to be examined. 
Prepare by boiling, separately, water and 95 per cent alcohol by volume for 10 minutes 
to remove the gases which may be held in solution. While still hot pour the water 
into a test tube until it is almost half full. Nearly fill the test tube with the hot 
alcohol, poured down the side of the inclined tube to avoid too much mixing. If the 
alcohol be added after the water has cooled, the mixture will contain so many air 
bubbles as to be unfit for use. 



10 



DETERMINATION. 



Prepare disks of fat as follows: Allow the melted and filtered fat to fall a distance 
of 15-20 cm. from a dropping tube upon a piece of ice or upon the surface of cold mer- 



242 METHODS OF ANALYSIS \XXIl 

cury. The disks thus formed should be 1-1.5 cm. in diameter and should weigh about 
200 mg. When solid remove the disks and allow to stand 2-3 hours in order to obtain 
the normal melting point. 

Place a test tube, 30 by 3.5 cm., containing the alcohol-water mixture, in a tall 
beaker, 35 by 10 cm., containing ice and water, until the mixture is cold. Then drop a 
disk of fat into the tube and it will at once sink to a point where the density of the 
alcohol-water mixture is exactly equivalent to its own. Lower an accurate thermometer, 
which can be read to O.l^C, into the test tube until the bulb is just above the disk. 
In order to secure an even temperature in all parts of the alcohol-water mixture around 
the disk, stir gently with the thermometer. Slowly heat the water in the beaker, con- 
stantly stirring it by means of an air blast or other suitable device. 

When the temperature of the alcohol-water mixture rises to about 6^G. below the 
melting point of the fat, the disk of fat begins to shrivel and gradually rolls up into an 
irregular mass. Lower the thermometer imtil the fat particle is even with the center 
of the bulb. Rotate the thermometer bulb gently and regulate the temperature so that 
about 10 minutes for the increment of the last 2''C. are required. As soon as the fat mass 
becomes spherical, read the thermometer. Remove the tube from the bath and again 
cool. Place in the bath a aeoond tube containing the alcohdi-water mixture. The test 
tube is of sufficiently low temperature to cool the bath to the desired point, ice water 
having been used for cooling. After the first or preliminary determination, regulate 
the temperature of the bath so as to reach a maximum of about 1.5**C. above the melt- 
ing point of the fat under examination. 

Do not allow the edge of the disk to touch the sides of the tube. If it does, make a 
new determination. Run triplicate determinations. The second and third results 
should agree closely. 

11 CapiUary Tube Meihod*.— Official 

Draw the melted fat or fatty acids into a thin-walled capillary tube. Use a column 
of fat 1-2 cm. long, according to the length of the thermometer bulb. Seal one end of 
the tube and cool on ice 12-15 hours. Attach the capillary tube to the bulb of an 
accurate thermometer, graduated to 0.2°C., immerse in a large test tube of water 
surrounded by a beaker of water and heat very slowly. An apparatus similar to that 
indicated in Fig. 10 may be used. The temperature at which t^e substance becomes 
transparent is taken as the melting point. 

TITKR TBST. 
Alcoholk or Aqueous Scdium Hydroxid Method. — Official. 

12 APPARATUS. 

Standard Thermometer, — ^The thermometer must have a zero mark, 0.1** graduations 
between 10** and 60°C., and auxiliary reservoirs at the upper end and between the 0** 
and 10° marks. The cavity in the capillary tube between the 0** and the l(f marks 
must be at least 1 cm. below the 10** mark, which must be about 3-4 cm. above the 
bulb, the total length of the thermometer being about 38 cm. The bulb should be 
about 3 cm. long and 6 mm. in diameter. The stem of the thermometer should be 
6 mm. in diameter and made of the best thermometer tubing, with scale etched on 
the stem, the graduation to be clear cut and distinct. The thermometer should have 
been annealed for 75 hours at 450°G., and the bulb should be of Jena normal 16"' 
glass, moderately thin, so that the thermometer will be quick-acting. 
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13 DBTERMtNATIMS. 

Sapoiuf:^ 75 grams of the sample in a metal dish with 60 cc. of 30 per cent sodium 
hydrond solution (36" Baiunf) and 75 cc. of 95 per cent alcohol by volume or 120 cc. 
of water. Evaporate to dryneas over a very tow flame or on an iron or asbestos plate, 
stininK constaDtly. Dissolve the dry soap in a liter of boiling water and, if alcohol 
has been used, boil for 40 minutes to remove it. adding sufGcient water to replace that 
lost in boiling. Liberate the fatty acids by adding 100 cc. i^ 30 per cent sulphuric acid 



piG. 10. APPARATUS FOR THE MEI.TlN(i POINT DETERMINATION. 

(25° Baum£) and buil until they form a clear, transparent layer. Wash the fatty acids 
with boiling water until free from sulphuric aicid. collect in a small beaker and place 
on a steam bath until the water has settled ajid the fatty acids are clear, then decant 
into a dry beaker, filler while hot and dry 20 minutes at 100°C. When dried, cool 
the fatty acids U> 1S°-20°G- above the expected titer and transfer to the titer tube, 
25 hy 100 mm. (1 by 4 inches) and made of glav about 1 nma. in thickneas. Place in 
a 16 ounce wide-mouthed bottle of cle«r glnss, 70 by ISO mm. (3.8 by 6 inches), fitted 
with a perforated cork. »o as to hold the tube rigidly when in position. Suspend the 
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standard thermometer so that it can be used as a stirrer, and stir the mass slo^d^ 
until the mercury remains stationary for 30 seconds. Then allow the thermometer to 
hang quietly, with the bulb in the center of the mass, and observe the rise of the mercury 
column. The highest point to which it rises is regarded as the titer of the fatty acids. 

Test the fatty acids for complete saponification as follows: 

Place 3 cc. in a test tube and add 15 cc. of 95 per cent alcohol by volume. Bring the 
mixture to a boil and add an equal vdiume of ammonium hydrozid (sp. gr. 0.96). A 
clear solution should result. The titer must be made at about 20^C. for all fats having 
a titer above 30**G., and at 10**G. below the titer for all other fats. 

14 Gfycerol'PaiM$iwn Hydroxid Method. — Official. 

Heat 75 cc. of glycerol-potassium hydroxid solution (25 grams of potassium hydroxid 
in 100 cc. of high-test glycerol) to 150*'C. in an 800 cc. beaker, then add 50 cc. of the 
oil or melted fat, previously filtered if necessary to remove foreign substances. Saponi- 
fication often takes place almost immediately, but heating, with frequent stirring, 
should be continued for 15 minutes, avoiding a temperature much above 150^G. When 
the saponification is complete, as indicated by the perfectly homogeneous solution, 
pour the soap into an 800 cc. casserole containing about 500 cc. of nearly boiling water, 
add carefully 50 cc. of 30 per cent sulphuric acid and heat the solution, with frequent 
stirring, until the layer of fatty adds separates out perfectly clear. Transfer the fatty 
acids to a tall separatory funnel, wash 3 or 4 times with boiling water to remove all 
mineral adds, draw the fatty acids off into a small beaker, and allow to stand on a 
steam bath until the water has settled out and the adds are clear. Filter into a dry 
beaker and heat to 150^G. on a thin asbestos plate, stirring continually with the ther- 
mometer, transfer to a titer tube, fill it to within 2.5 cm. of the top and take the titer 
as directed under 13. 

lODIN ABSORPTIOII ITUMBSR. 
(All reports of iodin absorption number should specifiy the method used.) 

Hanus Method. — Official. 

15 REAGENTS. 

(a) Hanus iodin solution. — Dissolve 13.2 grams of pure iodin in 1 liter of ^cial 
acetic acid (99.5 per cent) which shows no reduction with dichromate and sulphuric 
acid. Add enough bromin to double the halogen content as determined by titration 
(3 cc. of bromin are about the proper amount). The iodin may be dissolved by heating 
but the solution should be cold when the bromin is added. 

A convenient way to prepare the Hanus solution is as f<^ows: Measure 825 cc. of 
acetic add which has shown no reduction by the dichromate test and dissolve in it 
13.615 grams of iodin with the aid of heat. Gool and titrate 25 cc. of this solution 
against the N/10 sodium thioeulphate. Add 3 cc. of bromin to 200 cc. of acetic acid 
and titrate 5 cc. of the solution against the N/10 sodium thiosulphate. Gakulate the 
quantity of bromin solution required exactly to double the halogen content of the 
remaining 800 cc. of iodin solution as follows: 

A ■■ — in which 

A » cc. of bramia solution required, 

B "> 800 X the thiosulphate equivalent of 1 cc. of iodin solution, 

C *" the thioeolphate equivalent of 1 cc. of bromin solution. 



XXII] FATS AND OILS 245 

Example: 136.15 grams of iodin are diasolved in 8250 cc. of acetic acid. 30 cc. of 

bromin are dissolved in 2000 cc. of acetic acid. Titrating 50 cc. dT Uie iodin solution 

against the standard thiosulphate shows that 1 cc. of the iodin solution equals 1.1 cc. 

of the thiosulphate (0.0165 ^m of iodin). Titrating 5 oc. of the bromin solution 

shows that 1 cc. of the bromm solution equals 4.6 cc. of the thiosulphate. Then the 

quantity of bromin solution required to double the halogen content of the remaining 

8200X1 1 
8200 cc. of iodin solution is equivalent to — . ^ or 1961 cc. Upon mixing the two 

solutions in this proportion, a total volume of 10161 cc. is obtained, containing 135.3 
^rams of iodin. In order to reduce this solution to the proper strength (13.2 grams 
iodin per liter), 10.161X13.2-134.1; 135.3-134.1-1.2 grams of iodin present in 

excess, or ^^^ — — 91 cc. of acetic acid which must be added. 

(b) N/iO iodium thiotulphaie solution. — Prepare a solution containing 24.82 grams 
of sodium thiosulphate (Na&Oi5HiO) in water and dilute to 1 liter. Standardize this 
solution as follows: Place in a glass-stoppered flask 20 cc. of the N/10 potassium 
dichromate and 10 cc. of the 15 per cent potassium iodtd solution. Add 5 cc. of strong 
hydrochloric acid. Dilute with 100 cc. of water and allow the N/10 sodium thiosulphate 
to flow slowly into the flask until the yellow color of the liquid has almost disappeared, 
add a few drops of the starch indicator and, with constant shaking, continue to add 
the N/10 sodium thiosulphate until the blue color just disappears. 

(C) Siareh indieaior. — ^Prepare as directed under Vlf 3 (a). 

(d) Poiassitun iodid solution. — Dissolve 150 grams of potassium iodid in water and 
dOute to 1 liter. 

(6) N/10 potassium diehromate. — Dissolve 4.903 grams of potassium dichromate in 
water and dilute to 1 liter. The strength of this solution should be checked against 
pure iron. 

16 DETEIUaNATION. 

■ 

Weigh about 0.500 gram 6i fat, or 0.250 gram of oil (0.100-0.200 gram in the case of 
drying oils which have a very high absorbent power), into a 500 cc. glass-stoppered 
flask or bottle. Dissolve the fat, or oil, in 10 cc. of dilorofonn. Add 25 cc. of the Hanus 
iodin solution and allow to stand for 30 minutes, shaking occasionally. 

This time must be adhered to closely in order to obtain good results. The excess of 
iodin should be at least 60 per cent of the amount added. Add 10 cc. of the 15 per 
cent potassium iodid solution, shake thoroughly and then add 100 cc. of water, wash- 
ing down any free iodin that may be found on the stopper. Titrate the iodin with 
the N/10 sodium thiosulphate, adding the latter graduaUy, with constant shaking, 
until the yellow color of the solution has almost disappeared. Add a few drops of the 
starch indicator and continue the titration until the blue color has entirely disappeared. 
Toward the end of the titration, stopper the bottle and shake violently, so that any 
iodin remaining in solution in the chloroform may be taken up by the potassium iodid 
solution. Conduct two blank determinations along with that on the sample. The 
number of cc. of the N/10 sodium thiosulphate required by the blank less the amount 
used in the determination gives the thiosulphate equivalent of the iodin absorbed by 
the fat or oil. Ascertain the iodin number by calculating the per cent by weight of 
iodin absorbed. 

Wijs MeUiod.^Tentative. 

17 hbaobnts. 

Wijs iodin solution. — Dissolve 13 grams of resublimed iodin in 1 liter of G. P. glacial 
acetic acid (99.0-09.5 per cent) and pass in washed and dried chlorin gas until the 
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original thiosulphate titration of the solution is not quite doubled. Preserve in glass- 
stoppered amber bottles, sealed with paraffin until ready for use. Mark the date on 
which the solution is prepared on the bottle or bottles and do not use Wijs solution 
which is more than 30 days old. 

There shall be no more than a slight excess of iodin and no excess of chlorin. When 
the solution is made from iodin and chlorin, this point can be ascertained by not quite 
doubling the titration. 

The other reagents used are described under 15. 

18 DETERMINATION. 

Weigh accurately 0.10-0.50 gram (depending on the iodin number) of the melted 
and filtered sample into a clean, dry, 16-oz. glass-stoppered bottle containing 15-20 
cc. of carbon tetrachl<md or chloroform. Add 25 cc. of the iodin solution from a pipette, 
allowing to drain for a definite time. The excess of iodin should be from 50 to 60 per 
cent of the amount added, that is, from 100 to 150 per cent of the amount absorbed. 
Moisten the stopper with the 15 per cent potassium iodid solution to prevent loss of 
iodin or chlorin but guard against an amount sufficient to run down inside the bottle. 
Let the bottle stand in a dark place for 30 minutes at a uniform temperature. At the 
end of that time add 20 cc. of the 15 per cent potassium iodid solution and 100 cc. of 
water. Titrate the iodin with the N/10 sodium thiosulphate solution which is added 
gradually, with constant shaking, until the yellow color of the solution has almost 
disappeared. Add a few drops of the starch indicator and continue titration until the 
blue color has entirely disappeared. Toward the end of the reaction stopper the bottle 
and shake violently so that any iodin remaining in solution in the tetrachlorid or chloro- 
form may be taken up by the potassium iodid solution. Conduct two determinations 
on blanks, which must be run in the same manner as the sample, except that no fat 
is used in the blanks. Slight variations in temperature quite appreciably affect the 
titer of the iodin solution, as acetic acid has a high coefficient of expansion. It is, 
therefore, essential that the blanks and determinations on the sample be made at the 
same time. The number of cc. of standard thiosulphate solution required by the blank, 
less the amount used in the determination, gives the thiosulphate equivalent of the 
iodin absorbed by tha amount of sample used in the determination. Calculate to 
centigrams of iodin absorbed by 1 gram of sample ( = per cent of iodin absorbed). 

SAPOniFICATIOIf NUHBBR (KOETTSTORFER NUMBER).— OFFICIAL. 

19 ' REAGENTS. 

(a) N/2 hydrochloric acid. — Prepare as directed under I, 16 (a). 

(b) Alcoholic poUusimn hydroxid golution. — Dissolve 40 grams of the purest potas- 
sium hydroxid in 1 liter of 95 per cent redistilled alcohol by volume. The alcohol should 
be redistilled from potassium hydroxid over which it has been standing for some time, 
or with which it has been boiled for some time using a reflux condenser. The solution 
must be clear and the potassium hydroxid free from carbonates. 
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D ETERMINA TION. 



Weigh accurately about 5 grams of the filtered sample into a 250-300 cc. Erlenmeyer 
flask. Pipette 50 cc. of the alcoholic potassium hydroxid solution into the flask, allow- 
ing the pipette to drain for a definite time. Connect the flask with an air condenser 
and boil until the fat is completely saponified (about 30 minutes). Cool and titrate 
with the N/2 hydrochloric acid, using phenolphthalein as an indicator. Calculate the 



XXII] FATS AND OILS 247 

Koettstorfer number (mg. of potassium hydroxid required to saponify 1 gram of fat). 
Conduct a blank determination, using the same pipette and draining for the same 
length of time as above. 

21 SOLCTLB ▲CIDS.-'-OVnCIAL. 

Place the flask, used in 20, and its contents on a water bath and evaporate the 
alcohol. Add such an amount of N/2 hydrochloric acid that its volume plus the amount 
used in titrating for the saponification number will be 1 cc. in excess of the amount 
required to neutralize the 50 cc. of the cdcoholic potassium hydroxid solution added, 
and place on the steam bath until tiie sepcu-ated fatty acids form a clear layer on the 
upper surface of the liquid. Fill to the neck with hot water and cool in ice water until 
the cake of fatty acids is thoroughly hardened. Pour the liquid contents of the flask 
through a filter into a liter flask. Fill the flask again with hot water, set on a steam 
bath until the fatty acids collect at the surface, cool by immersing in ice water, and 
again filter the liquid into the liter flask. Repeat this treatment with hot water three 
times, cooling and collecting the washings in the liter flask after each treatment. Titrate 
the combined washings with N/10 alkali, using phenolphthalein as an indicator. Sub- 
tract 5 (corresponding to the excess of 1 cc. of N/2 acid) from the number of cc. of N/10 
alkali used and multiply by 0.0088 to obtain the weight of soluble acids as butyric 
acid. Calculate the percentage of soluble acids. 

22 INSOLUBLE ACIDS (HBHNBR IHIICBBR).— OFFICIAL. 

Allow the flask, containing the cake of insoluble fatty acids from 21 and the paper 
through which the soluble fatty adds have been filtered, to drain and dry for 12 
hours. Transfer the cake, together with as much of the fatty aokls as can be removed 
from the filter paper, to a weighed, wide-mouthed beaker flask. Then place the fimnel, 
containing the filter, in the neck of the flask and wash the paper thoronghly with 
hot absolute alcohol. Remove the funnel, evaporate the alcohol, dry for 2 hours at 
lOO'^C, cool in a desiccator and weigh. Again dry for 2 hours, cool and weigh. If there 
is any considerable decrease in weight, re-heat for 2 hours, cool and weigh again. Cal- 
culate the percentage of insoluble fatty acids. 

SOLUBLE VOLATOB ACIDS (RBICHERT-MEI88L NUMBER). 

(As these determinations are entirely empirical, the directions given must be followed 
exactly. In reporting results the method used should always be stated.) 

Reichert'Meissl Method. — Official. 

23 REAGENTS. 

(d) Sodiwn hydroxid solution (1 to i). — ^The sodium hydroxid should be as free as 
possible from carbonates. Protect the solution from contact with carbon dioxid. Allow 
to settle and use only the clear liquid. 

(b) Potassium hydroxid solulion. — Dissolve 100 grams of the purest potassium 
hydroxid in 58 cc. of hot water. Cool in a stoppered vessel, decant the clear solution 
and protect from contact with carbon dioxid. 
.(€) 95 per cent alcohol by volume. — Distilled over sodium hydroxid. 

(d) DikUe sulphuric acid. — Dilute 200 cc. of the strongest acid to 1 liter with water. 

(e) Barium (or sodium) hydroxid solution. — Standardize an approximately N/10 
solution. 

(f ) Indicator. — Dissolve 1 gram of phenolphthalein in 100 cc. of 95 per cent alcohol. 
(£) Pumice sione. — Heat small pieces to a white heat, plunge in water, and keep 

under water until used. 
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SAPONIFICATION. 



Weigh 5.75 oc., about 5 grams, of the filtered sample, into a saponification flask 
and proceed by one of the following three methods: 

(1) Under pressure with alcohol, — Place 10 cc. of the 05 per cent alcohol in the flask 
containing the fat (the flask must be made of strong, well-annealed glass, capable of 
resisting the tension of alcoholic vapor at lOO^G.) and add 2 cc. of the sodium hydroxid 
solution. Insert a soft cork stopper into the neck of the flask, tie it down and place 
the stoppered flask on a water or steam bath for at least an hour, rotating the flask 
gently from time to time. Cool before opening. 

(2) Under pressure without the use of akohoL — Place 2 cc. of the potassium hydroxid 
solution in the flask containing the fat (the flask being round-bottomed and made of 
well-annealed glass to resist pressure), cork and heat as directed under (1). This method 
avoids the formation of esters and the removal of the alcohol after saponification. 

(3) Wiih a reflux condenser and the use of alcohol, — Place 10 cc. of the 95 per cent 
alcohol in the flask containing the fat, add 2 cc of the sodium hydroxid solution and 
heat on a steam bath until the saponification is complete, using a reflux condenser. 

After the saponification, if alcoh(^ was used, remove it by evaporation on a steam 
bath. Eliminate the last traces of alcohol by waving the flask briskly, mouth down, 
or better, by blowing out with a current of carbon dioxid-free air. 
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DISTILXATION AND TITRATION. 



Dissolve the soap, obtained as directed under 24, by adding 135 cc. of recently 
boiled water (132 cc. if potassium hydroxid was used in the saponification) and warm 
on the water bath, with occasional shaking, until the solution is dear. Cool to 60**-70°G., 
add 5 oc. of the dilute sulphuric acid (8 cc. if potassium hydroxid was used in the saponi- 
fication), stopper loosely and heat on a water bath until the fatty adds form a dear, 
transparent layer. Cool to room temperature, add a few pieces of the pumice stone and 
connect with a glass condenser by means of a bulb tube. Heat slowly with a free flame 
until ebullition begins and distil, regulating the flame so as to collect 110 cc. of dis- 
tillate in as nearly 30 minutes as possible. Mix this distiUate, filter through a dry filter, 
and titrate 1(X) cc. with the standard barium or sodium hydroxid solution, using phenol- 
phthalein as an indicator. The red color should remain unchanged for 2-3 minutes. 

Multiply the number of cc. of N/IO alkali used by 1.1, divide by the weight of fat 
taken and multiply by 5 to obtain the Reichert-Meissl number. Correct the result by 
the figure obtained in a blank determination. 

Leffmoji and Beam Meihod, — Official. 

2b REAGENTS. 

Glycerol-soda solution. — Add 20 cc. of the sodiuun hydroxid solution, prepared as 
directed under 23 (a), to 180 cc. of pure, concentrated glycerol. 
The other reagents used are described under 23. 
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DETERMINATION. 



Add 20 CC. of the glycerol-soda soliition to about 5 grams of the fat in a flask, weighed 
as directed under 24, and heat over a free flame or on an asbestos plate until complete 
saponification takes place, as shown by the mixture becoming perfectly dear. If foam- 
ing occurs, shake the flask gently. 

Add 135 cc. of recently boiled water, drop by drop at first, to prevent foaming, and 
5 cc. of the dilute sulphuric acid, distil without previous mdting of the fatty addf>. 
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ufliiig an apparatus similar to that illostrated in 28, Fig. 11, regqlating the flame so 
as to collect 110 cc. of distillate in as nearly 30 minutes as possible. Filter, titrate the 
volatile acids and calculate the Reichert-Meissl number, as directed under 25. Con- 
duct a blank detennination and correct the result accordingly. 
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INSOLCTLB VOLATILB ACIDS' (POLBlfSKB NUMBER).— OFFICIAL. 



Proceed as directed under 27 up to the point at which 110 cc. of distillate have 
been collected, except that only 20 minutes are allowed for the distillation, employing 
an apparatus of the exact dimensions illustrated in Fig. 11. Substitute a 25 cc. cylinder 
for the receiving flask to collect any drops that may fall after the flame has been re- 
moved. Inunerse the flask containing the distillate almost completely in water at 15^G. 
for 15 minutes, filter the 110 oc. of distillate and determine the approximate Heichert- 
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FIG. 11. APPARATUS' FOR THE DETERMINATION OF THE P0LEN8KE NUMBER. 



Meissl number, if desired, as directed under 27, avoiding too violent shaking of the 
distillate and consequent emulsification of the insoluble acids previous to filtration. 
Remove the remainder of the soluble acids frmn the insoluUe acids upon the filter 
paper by washing with three successive pcMtions of 15 cc. of water, previously passed 
through the condenser, the 25 oc. cylinder and the 110 cc. receiving flask. Then 
dissolve the insoluble acids by passing three successive 15 oc. portions of neutral 90 
per cent alcohol by volume through the filter, each portion previously passed through 
the condenser, the 25 cc. cylinder and the 110 cc. receiving flask. Titrate the com- 
bined alcoholic washings with N/10 sodium hydroxid, using phenolphthalein as an 
indicator. 

Run a blank in the same manner and subtract the quantity of the standard alkali 
required to neutralize the 45 cc. of alcohol, used in washing the apparatus and filter 
paper of the blank, from that required in each Polenske determination. Report the 
Polenske number as the number of cc. of N/10 alkali required to neutralize the in- 
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soluble volatile acids from the 110 cc. of distillate obtained as above upon a 5 gram 
sample. Since the entire distillate is filtered it is not necessary to multiply the burette 
reading by 1.1« as in 25, but a calculation must be made, as directed under 25, to 
reduce the actual number of cc. found in the titration to the number which would 
have been required had exactly 5 grams of fat been used. 

29 UQUID AND SOLID FATTY ACIDSl— TENTATIVE. 

Weigh 5 grams of the oil or fat into an Erlenmeyer flask, saponify, precipitate with 
lead acetate solution and treat the precipitated lead soap with ether, as directed under 
37. Filter the ether solution of the soluble lead soap into a Muter tube or separatory 
funnel and decompose the soap by shaking with 40 oc. of hydrochloric acid (1 to 5). 
The soap is completely decomposed when the ether becomes clear and colorless. 

Draw off the lead chlorid from the ether solution and wash the ether free from acid. 
Using an atmosphere of carbon dioxid, in order to prevent the oxidation of the oleic 
acid, evaporate an aliquot of this solution until free from ether and weigh to determine 
the per cent of liquid acids. Determine the iodin number as directed under 16 or 18, 
using 0.2-0.3 gram of this residue. 

As it is very difficult to dry the unsaturated acids without very serious oxidation, 
it is just as satisfactory to determine the weight of insoluble acids by the following 
method: 

Wash the insoluble soap left on the filter into a flask, decompose with hydrochloric 
acid and heat imtil the fatty acids are melted. Fill the flask with hot water, cool, 
pour off the water and again wash the solidified fatty acids. Dissolve in hot 95 per 
cent alcohol by volume, transfer to a weighed dish, remove the alcohol by evaporation, 
dry, weigh and calculate the per cent of solid fatty acids. 

30 FREE FATTY ACIDS.— OFFICIAL. 

Weigh 20 grams of fat, or oil, into a flask, add 50 cc. of 95 per cent alcohol by volume 
which has been neutralized with dilute sodium hydroxid solution, using phenolphthalein 
as an indicator, and heat to boiling. Shake the flask thoroughly in order to dissolve 
the free fatty acids as completely as possible. Titrate with N/10 alkali, shaking thor- 
oughly until the pink color persists after vigorous shaking. 

Express the results either as percentage of oleic acid, as acid degree (cc. of N/1 
alkali required to neutralize the free acids in 100 grams of oil or fat), or as acid value 
(mg. of potassium hydroxid required to saturate the free acids in 1 gram of fat or oil). 

One cc. of N/10 alkali is equivalent to 0,0282 gram of oleic acid. 

31 ACETYL VALUED— OFFICIAL. 

Boil the oil or fat with an equal volume of acetic anhydrid for 2 hours, pour the 
mixture into a large beaker containing 500 cc. of water and boil for 30 minutes. To 
prevent bumping, pass a slow ciurent of carbon dioxid into the liquid through a finely 
drawn out tube reaching nearly to the bottom. AUow the mixture to separate into two 
layers, siphon off the water, and boil the oily layer with fresh water until it is no longer 
acid to litmus paper. Separate the acetylated fat from the water and dry and filter 
in a drying oven. 

Weigh 2-4 grams of the acetylated fats into a flask and saponify with alcoholic 
potash as directed under 20. If the distillation processes to be adopted, it is not neces- 
sary to work vdth a standardized alcoholic potassium hydroxid solution, but in the 
filtration method, which is much shorter, the alcoholic potassium hydroxid solution 
must be measured exactly. In either case evaporate the alcohol after saponification 
and dissolve the soap in water. Then either distil or filter as follows: 
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(1) DislilkUion. — Acidify with sulphuric acid (1 to 10) imd distil as directed under 25. 
Since several hundred oc. must be distilled, either run a current of steam through or 
add portions of water from time to time (600-700 cc. of distillate will be sufficient). 
Filter the distillate to remove any insoluble acids carried over by the steam and titrate 
with N/10 potassium hydroxide using phenolphthalein as an indicator. Multiply the 
number of cc. of alkali employed by 5*61 and divide by the weight of substance used 
to obtain the acetyl value. 

(2) Filtralum. — Add to the soap solution a quantity of standard sulphuric acid 
exactly corresponding to the amount of alcoholic potassium hydroxid solution added, 
warm gently, filter off the free fatty acids which collect on top, wash with boiling 
water until the washings are no longer acid and titrate the filtrate with N/10 potassium 
hydroxid, using phenolphthalein as an indicator. Calculate the acetyl value as directed 
under (1). 

CHOLESTEROL AND PHTTOSTBROL IN UXTURBS OF ANIMAL AND VEGETABLE FATS. 
32 Alcohol Extraction Method}^, — Tentative. 

Introduce 200-300 grams of the melted fat into a flat«>bottomed liter flask. Close 
the neck of the flask with a 3-holed stopper and insert through these Holes: (1) A 
reflux condenser, (2) a right-angled glass tube, one arm of which reaches to a point 6 
nun. above the surface of the melted fat, the other being closed a short distance from 
the flask by means of a short piece of rubber tubing and a pinch-cock, (3) a glass tube 
bent so that one arm reaches down to the bottom of the flask and the other serves as a 
delivery tube for a 700 cc. round-bottomed flask containing 500 cc. of 95 per cent 
alcohol by volume. 

Place the flasks, containing the melted fat and the alcohol, on a steam bath and 
heat so that the alcohol vapor passes through the melted fat in the liter flask and is 
condensed in the reflux condenser, finaUy coUecting in a layer over the melted fat. 
After all the alcohol has passed in this manner into the flask containing the fat, dis- 
connect the flask from which the alcohol has been distiUed and attach a tube to the 
short piece of rubber tubing attached to the right-angled glass tube (see (2) above] and 
siphon the alcohol layer back into the alcohol distiUation flask. Reconnect as at first 
and again distil the alcohol as in the first operation. When all the alcohol has been 
distiUed, siphon it again into the distillation flask and extract in the same manner a 
third time. 

Discard the fat and retain the alcohol which now contains practically aU of the 
cholesterol and phytosterol originaUy present in the fat. Concentrate the alcoholic 
solution to about 250 cc. and add 20 cc. of potassium hydroxid solution (1 to 1) to the 
boiling liquid. Boil for 10 minutes to insure complete saponification of the fat, cool 
to room temperature and pour into a large separatory funnel containing 500 cc. of 
warm ether. Shake to insure thorough mixing and add 500 cc. of water. Rotate the 
funnel gently to avoid the formation of extremely stubborn emulsions, but mix the 
water thoroughly with the alcohol-ether-soap solution. A clear, sharp separation 
takes place at once. Draw off the soap solution and wash the ether layer with 300 
cc. of water, avoiding shaking. Repeat the washing of the ether solution with small 
quantities of water until all the soap is removed. Transfer the ether layer to a flask 
and distil the ether until the volume of liquid remaining in the flask measures about 
25 cc. Transfer this residue to a tall 50 cc. beaker and continue the evaporation until 
all the ether is driven off and the residue is perfectly dry. If desired, a tared beaker 
may be used and the weight of the unsaponifiable matter determined at this point. 

Add 3-5 cc. of acetic anhydrid to the residue in the beaker, cover the beaker with 
a watch glass and heat to boiling over a free flame. After boiling for a few seconds. 
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remove the beaker from the flame, cool and add 35 oc. of 60 per cent alcohol by volume. 
Mix the contents of the beaker thorou^y, filter off the alcoholic solution and wash 
the precipitate with 60 per cent alcohol. Dissolve the precipitate on the filter with a 
stream of hot 80 per cent alcohol by volume and wash the insohiUe portion well with 
80 per cent alcohol. Acetates of cholesterol and phytosterol are dissolved while the 
greater portion of the impurities present (including paraffin and paraffin oil if present) 
remain behind on the filter. Cool the combined filtrate and washings to a temperature 
of 10*'-12°G. and allow to stand at that temperature for 2-3 hours. During this time 
the acetates of cholesterol and phytosterol crystallize from the solution. Collect the 
crystals upon a filter, wash with oM 80 per cent alcohol and then dissolve them in a 
minimum amount of hot absolute alcohc^. Collect the alcoholic solution of the acetates 
in a small, glass evaporating dish, add 2 or 3 drops of water to the solution and heat 
if not perfectly clear. Allow the alcohol to evaporate spontaneously, the contents of 
the dish being stirred occasionally to mix the deposit of crystals which form upon the 
edges with the main body of the liquid. As soon as a good deposit of crystals has formed, 
collect them upon a hardened filter, wash twice with ixAd 90 per cent alcohc^ and dry 
by suction, drying finally at lOO^C. for 30 minutes, and determine the melting point 
in the apparatus shown in 11, Fig. 10, using sulphuric acid in the outer beaker and 
glycerin in the inner tube. 

The melting point of the first crop of crystab usually gives definite information as 
to the presence or absence of phytosterol but the conclusion indicated should be con- 
firmed by recrystallizing the crystals from absolute alcohol and again determining 
the melting point. If the crystals are pure cholesteryl acetate, the melting point of the 
second crop should agree closely with that of the first. If phytosteryl acetate is present, 
however, a higher melting point will be noted, as phytosteryl acetate is less soluble 
in alcohol than cholesteryl acetate. The melting point of cholesteryl acetate is IH^'C, 
that of phytosteryl acetate 125**-137**C. 

33 Digitonin Meihod^^. — Tentative. 

Shake vigorously 50 grams of the oil, or fat, for 15 minutes in a separatory funnel 
with 20 cc. of a 1 per cent solution of digitonin in 95 per cent alcohol by volume. Allow 
the mixture to stand for a time until the emulsion separates. The lower or fat layer 
should be quite clear while the alcohol layer contains a bulky, flocculent precipitate. 
Draw off as much as possible of the fat, avoiding any loss of the precipitate. Add 100 
cc. of ether to the alcohol layer and filter the mixture. Wash the precipitate with 
ether until free from fat, after drying in the air, transfer it to a tall 50 cc beaker, add 
2-3 cc. of acetic anhydrid and cover the beaker with a watch glass. Then boil slowly 
over a low flame for 30 minutes. After cooling, add 30-35 cc. of 60 per cent alcohol 
by volume and mix the contents of the beaker thoroughly. Filter the alcohol solution 
and wash the precipitate with 60 per cent alcohol, then dissolve it on the filter with a 
stream of hot 80 per cent alcohol by volume from a wash bottle and set aside the filtrate 
in a cool place (lO^'C. or below). After the acetates have crystallized out of this solution 
filter them off, recrystallize from absolute alcohol, dry and determine the melting 
point of each crop of crystals, as directed under 32. 

34 UNSAPOmFIABLB RBSIDUB^^— OFHCIAL. 

Saponify 5 grams of the oil, or fat, with alcoholic potassium hydroxid solution and 
remove the alcohol by evaporation. Wash into a separatory funnel with 70-100 cc. 
of water and extract with 50-60 cc. of ether. If the two liquids do not separate, add a 
few cc. of alcohol. Separate the water solution and wash the ether with water contain- 
ing a few drops of sodium hydroxid solution. Again extract the soap solution and 
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washings with ether and evaporate the combined extracts to dryness. In most cases 
it b advisable to add a little alcoholic potassium hydroxid solution to the residue and 
heat in order to saponify any traces of fats left unsaponified and extract again with 
ether. Transfer to a weighed dish and dry as quickly as possible in a water oven. 

Many of the hydrocarbon oils are volatile at lOO^C, so that the drying should not 
be carried any further than necessary. With resin oil, paraffin wax and the denser 
mineral oils there is little danger of loss at lOO^G. 

On account of the solubility of soap in ether and petnJeum ether it is well to wash 
the residue with warm water containing a little phenolphthalein. If the reaction is 
alkaline, soap is present and the residue must be further purified. 

RBSm OIL. 

35 QualUative Test — TenttUive, 

Polarize the pure oil, or a definite dilution, with petroleum ether, in a 200 mm. tube. 
Resin oil has a polarization in a 200 mm. tube of from + 30° to + 40° on the sugar 
scale (Schmidt and Haensch) while most oils^' read between + 1° and— 1°. 

COTTONSEED OIL. 

36 HtUpen Tesl'*.—Qffkud. 

Mix carbon disulphid, containing about 1 per cent of sulphur in solution, with an 
equal volume of amyl alcohol. Mix equal volumes of this reagent and the oil under 
examination, and heat in a bath of boiling, saturated brine for 1-2 hours. In the pres- 
ence of as little as 1 per cent of cottonseed ofl, a characteristic red or orange-red color 
is produced. 

Lard and lard oil from animals fed on cottonseed meal will give a faint reaction; 
their fatty acids also give this reaction. 

The depth of color is proportional, to a certain extent, to the amount of oil present, 
and by making comparative tests with cottonseed oil some idea as to the amount 
present can be obtained. Different oils react with different intensities, and oils which 
have been heated to 200°-210°C.** react with greatly diminished intensity. Heating 
for 10 minutes at 250°G. renders cottonseed oil incapable of giving the reaction**. 

37 PEANUT OIL^^-OFFICIAL. 

Weigh 20 grams of the oil into an Erlenmeyer flask. Saponify with alcoholic potash 
solution, neutralize exactly with dilute acetic acid, using phenolphthalein as an indi- 
cator, and wash into an 800-1000 cc. flask containing a boiling mixture of 100 cc. of 
water and 120 cc. of 20 per cent lead acetate solution. Boil for a minute and then cool 
the precipitated soap by immersing the flask in water, occasionally giving it a whirling 
motion to cause the soap to stick to the sides of the flask. After the flask has cooled, 
decant the water and excess of lead acetate solution and wash the lead soap with cold 
water and 00 per cent alcohol by volume. Add 200 cc. of ether, cork and allow to stand 
for some time until the soap is disintegrated, heat on a water bath, using a reflux con- 
denser, and boil for about 5 minutes* ^ In the case of oils, most of the soap will be 
dissolved, while in lards, which contain much stearin, part of the soap will be left 
undissolved. Cool the ether solution of soap to IS'^-IT^C. and allow to stand untU 
all the insoluble soaps have separated out (about 12 hours). 

Filter upon a Btichner funnel and thoroughly wash the insoluble lead soaps with 
ether. Wash the ether-insoluble lead soaps into a separatory funnel by means of a jet 
of ether, alternating at the end of the operation, if a little of the soap sticks to the 
paper, with hydrochloric acid (1 to 3). Add sufficient hydrochloric acid (1 to 3) so that 
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the total volume of the latter amounts to about 200 cc. and enough ether to make 
its total volume 150-200 cc. and shake vigorously for several minutes. Allow the 
layers to separate, run off the acid layer, and wash the ether once with 100 cc. of dilute 
hydrochloric acid and then with several portions of water until the water washings are 
no longer acid to methyl orange. If a few undeoomposed lumps of lead soap remain 
(indicated by solid particles remaining after the third washing with water), break 
these up by running off almost all the water layer and then add a little concentrated 
hydrochloric acid, shake and continue the washing with water as before. Distil the 
ether from the solution of insoluble fatty acids and dry the latter in the flask by adding 
a little absolute alcohol and evaporating on a steam bath. Dissolve the dry fatty acids 
by warming with 100 cc. of 90 per cent alcohol by volume. Cool slowly to 15°C., shaking 
to aid crystallization. Allow to stand at 15°C. for 30 minutes. In the presence of peanut 
oil, crystals of arachidic acid will separate from the solution. Filter, wash the precipi- 
tate twice with 10 cc. of 90 per cent alcohol by volume, and then with 70 per cent 
alcohol by volume, care being taken to maintain the arachidic acid and the wash solu- 
tions at a definite temperature in order to apply the solubility corrections given below. 
Dissolve the arachidic acid upon the filter with boiling absolute alcohol, evaporate to 
dryness in a weighed dish, dry and weigh. Add to the weight 0.0025 gram for each 
10 cc. of 90 per cent alcohol used in the crystallization and washing, if conducted at 
15°C.; if conducted at 20°C., add 0.0045 gram for each 10 cc. The melting point of 
arachidic acid thus obtained is 71°-72*'C. Twenty times the weight of arachidic acid 
will give the approximate amount of peanut oil present. Arachidic acid has a char- 
acteristic appearance and may be identified under the microscope. As little as 5-10 
per cent of peanut oil can be detected by this method. 

SBSAMB OIL. 

38 Baudouin Test. — Official. 

Dissolve 0.1 gram of finely powdered sugar in 10 cc. of hydrochloric acid (sp. gr. 
1.20), add 20 cc. of the oil to be tested, shake thoroughly for a minute and allow to 
stand. The aqueous solution sepcu'ates almost at once and, in the presence of even a 
very small admixture of sesame oil, is colored crimson. Some olive oils give a slight 
pink coloration with this reagent. Comparative tests with known samples containing 
sesame oil will differentiate them. 

39 Villavecchia Test^*.— Official. 

Add 2 grams of furfural to 100 cc. of 95 per cent alcohol by volume and mix thor- 
oughly 0.1 cc. of this solution, 10 cc. of hydrochloric acid (sp. gr. 1.20), and 10 cc. of 
the oil by shaking them together in a test tube. A crimson color is developed as in the 
Baudouin test, 38, where sugar is used. 

Villavecchia explained this reaction on the basis that furfural is formed by the 
action of levulose and hydrochloric acid and therefore substituted furfural for sucrose. 
As furfural gives a violet tint with hydrochloric add it is necessary to use the very 
d ilute solution specified in the method. 

DETECTION OF FOREIGN FATS CONTAINING TRISTEARIN IN LARD. 

40 Afethod I*^.— Tentative. 

Weigh 5 grams of the melted fat into a glass^toppered 25 cc. cylinder about 150-175 
mm. in height. Add warm ether up to the 25 cc. mark, stopper securely and shake 
until the fat is completely dissolved. Allow the cylinder to stand for about 18 hours 
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at a temp^ratnre of 16*^-20°C., during "whieh time Bome of the soUd glyoerides wiU 
crystallize out. Decant the clear Bcdution carefully frran the crystals, wash with three 
5 cc. portions of cold ether, being careful to avoid breaking up the deposit during the 
first two washings. Agitate the crystals with the third portion of ether and transfer 
to a small filter. Wash on the paper with suGoesaive small amounts of cold ether untU 
15-20 cc have been used, then remove the last traces of ether by means of slight suction 
on tibe stem of the funnel. Break up any large lumpa and allow the deposit to dry. 

When thoroughly dry pulverize the glycendes and take their melting point in a 
dosed 1 mm. tube, using an apparatus similar to that indicated in 11, Fig. 10. Heat 
the water in the beaker rapidly to about 55*'G. and maintain that temperature until 
the thermometer carrying the melting-point tube registers 50°-55°G., then heat again 
and carry the temperature of the outer bath somewhat rapidly to 67^G., when the 
lamp is removed. The melting point of the crystals is regarded as that point when the 
fused substance becomes perfectly dear and transparent. A dark background placed 
about 4 inches from the apparatus will prove of advantage. When the melting point 
of the glycerides obtained by this method is below 63.4°G. the presence of beef fat 
should be suspected, while a mdting pmnt of 63°G., or below, can be regarded as posi- 
tive evidence that the samfrfe is not pure lard. It is ad\isable to carry out this method 
with a control sample of pure lard in connection with each batch of samples analyzed. 

41 Method II.— Tentative. 

Weigh 5 grams of the filtered fat into a glass-stoppered cylinder graduated to 25 
cc., and add warm acetone until the 25 cc. mark is reached. Shake the cylinder until 
the contents are thoroughly mixed, and allow to stand in a suitable place in which a 
temperature of 30*^G. is maintained. After IS hours remove the cylinder and carefully 
decant the supernatant acetcMie solution from the crystallized glycerides, which are 
usually found in a firm mass at the bottom of the cylinder. Add warm acetone in three 
portions of 5 cc. each from a small wash bottle, care being taken not to break up the 
deposit while washing, and decant the first two portions. The third portion is, however, 
actively agitated in the cylinder, and by a quick movement transferred with the crys- 
tals to a small filter paper. Wash the crystals with five successive small portions of 
the warm acetone, using the wash bottle, and remove the excess acetone from them 
by suction. Transfer the paper with its contents to a suitable place, where it should 
be spread out and any large lumps of the glycerides broken up by gentle pressure. 
When dry, thoroughly comminute the mass and determine the melting point of the 
crystals in a closed 1 mm. tube as directed under 40. A melting point below 63°G. is 
regarded as evidence of adulteration and a melting point bdow 63.4°G. is regarded as 
suspidouB. 

After the melting point of the crystallized glycerides has been determined, transfer 
them to a 50 cc. beaker, add 25 cc. of approximately N/2 alcoholic potassium hydroxid 
and heat on a steam bath until saponification is complete. Pour the solution into a 
separatory funnel containing 200 cc. of water, acidify, add 75 cc. of ether and shake. 
Draw off the acid layer and wash at least three times with water. Transfer the ether 
solution to a dean, dry 50 cc. beaker, drive off the ether on the steam bath and finally 
dry the adds at lOO^G. After the acids have stood for at least 2 hours, after drying, 
determine the melting iK)int in the same manner in which the melting point of the 
crystals was determined. If the mdting point of the glycerides, plus twice the difference 
between the mdting point of the glycerides and mdting point of the fatty acids, is less 
than 73^G. the lard is regarded as adulterated. 
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nSH OIL AHD IfARINB AllIMAL OILS HI THE PRBSBNCB OP VBOSTABLB OILS AMD IN THB 

ABSBirCB OF MBTALUC SALTS. 

42 Qualitative Tesl.^Tentaiive, 

Dissolve in a test tabe about 6 grams of the oil in 12 oc. of a mixture of equal parts 
of chloroform and glacial acetic acid. Add bncMnin, drop by drop, uotfl a slight excess 
is indicated by the color, keeping the solution at about 20^C. Allow to stand 15 minutes 
or more and then place the test tube in boiling water. If vegetable oils only are present, 
the solution will become perfectly clear, while fish oils will remain cloudy or contain 
a precipitate due to the presence of insoluble bromids. 

43 COLOiaMG MATTntS.— TBIITATTVB. 
Proceed as directed under X. 3. 
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XXm. SPICES AND OTHER CONDIMENTS. 

SPICES. 

1 PRBPARATION OP SAMPLS.— OVHCIAL. 

Grind the sample to pass through a sieve having circular openings 1 mm. in diameter 
and mix thoroughly. Owing to the lack of uniformity of most spices and the peculiar 
tendency to stratify, extreme care is necessary in weighing out a portion for analysis. 
Stir the material with a spoon having a capacity of approximately 2 grams and dip a 
spoonful from the interior in order that only a very small amount needs to be added 
to or taken from the portion on the scale pan. In the determination of starch in 
spices by the diastase method reduce a portion of the sample to an impalpable powder 
by grinding in a mortar. 

2 MOISTURB.— fklfTATIVX. 

Dry 2 grams to constant weight at llO^G. From the resulting loss in weight subtract 
the amount of volatile ether extract as determined under 9. 

3 ASH.-OVFICIAL. 

Determine as directed under VII, 4. 

4 SOLUBLE AND INSOLUBLS ASH.-OVFICIAL. 

Proceed as directed under VIII, 14, employing the ash obtained as directed under 3. 

5 ASH INSOLXJBLB IN ACn>.*-OFnCIAL. 

Boil the water-insoluble residue, obtained as directed under 4, or the total ash obtained 
as directed in 3, with 25 cc. of 10 per cent hydrochloric acid (sp. gr. 1.050) lor 5 minutes, 
collect the insoluUe matter on a Gooch crucible or an ashless filter, wash with hot 
water, ignite and weigh. 

6 CALCIUM OZm IN ASH.— OFFICIAL. 

Ignite 2-4 grams of the sample as directed under 3, digest with hot 10 per cent 
hydrochloric acid, evaporate to dryness, moisten the dry residue with dilute hydro- 
chloric acid and again evaporate to dryness to render the silica insoluble. Moisten 
the residue with 5-10 cc. of hydrochloric acid, add about 50 oc. of water, allow to 
stand on a water bath for a few minutes, fflter and wash the insoluble residue with 
hot water. Determine calcium oxid in the combined filtrate and washings as directed 
under XXVII, 23. 

7 NITROOBN.— OFFICIAL. 

Determine as directed under I, 18, 21 or 23, except in the case of black and white 
peppers, for which use only the Kjddahl-Gunning-Amold method^ [1, 23], employing 
1 gram of the sample. 

8 mnooiH m HOH-voumi nrn BzrEACT.-ornciAL. 

(For black and white peppers.) 

Extract 10 grams of the pepper for 20 hours in a continuous extraction apparatus 
with absolute ether, collecting the extract in a weighed 250 oc. flask. Evapcxate the 
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ether, dry first at lOO^C. and finally to constant weight at llO^G. Determine the 
nitrogen in the weighed extract, as directed under 1, 23, digesting in the same flask used 
for the extraction. Calculate the parts of nitrogen per 100 parts of non- volatile ether 
extract. If desired, crude piperin may be calculated from the nitrogen hy multiplying 
by 20.36. 

9 VOLATELB AND NON-VOLATILB BTHBR EXTRACTS-OFFICIAL. 

Extract 2 grams of the groond material for 20 hours in a continuous extraction 
apparatus with anhydrous ether [VII, 9]. Transfer the ethereal solution to a tared 
capsule and allow to evaporate at room temperature. Let stand for 18 hours over 
sulphuric acid and weigh the total ether extract. Heat the extract gradually and then 
to constant weight at 110*'C. The loss is volatile ether extract; the residue, non- 
volatile ether extract. 

10 ALCOHOL EmUCTS— OFFICIAL. 

Place 2 grams of the sample in a 100 cc. flask and fill to the mark with 95 per cent 
alcohol by volume. Stopper, shake for S hours at 30 minute intervals and allow to 
stand for 16 hours longer without shaking. Filter the extract through a dry filter, 
evaporate a 50 cc. aliquot of the filtrate to dryness in a flatrbottomed dish on a water 
bath and heat to constant weight at 110*^0. 

11 COLD-WATER EXTRACl^— TEl^fTATIVB. 

(For ginger.) 

Place 4 grams of the sample in a 200 cc. graduated flask, add water to the mark, 
shake at 30 minute intervals during 8 hours and let stand 16 hours longer without 
shaking. Filter and evaporate a 50 cc aliquot of the filtrate to dryness in a flat- 
bottomed metal dish. Dry to constant weight at lOO^^C. 

12 COPPER-REDUCING SUBSTANCES BY DIRECT INVERSIOIf.— OFFICIAL. 

Extract 4 grams of the sample with 5 successive portions of 10 cc. of ether on a filter 
that will retain completely the smallest starch granules. After the ether has evaporated , 
wash with 150 cc. of 10 per cent alcohol by volume. 

Owing to the formation of a glutinous mass which clogs the filter, it is not possible 
to wash samples of Batavia cassia with water or dilute alcohol. Therefore all pre- 
liminary washilag is best omitted in determinations made on all varieties of cassia, 
as well as oa cassia buds and cinnamon. 

Carefully waah the residue from the puper into a 500 ex;, flask with 200 cc. of water, 
using a small wash bottle, and gently rubbing the paper with the tip of the finger. 
Hydrolyze and determine the copper reducing material as directed under VII, 59. 
Express the result in terms of starch. 

13 STARCH.--OfriCIAL. 

Extract 4 grams of the -finely pulverized sample with ether and 10 per cent alcohol 
by volume, as directed under 12, and determine starch by the diastase method, as 
directed under VII, 61. 

14 CR9DE FOIBR.— OFFICIAL. 

Prooeed as directed under VII, 66, and remove all ether extractives by 8ucoe8.Hive 
washings of the dry fiber with etiier previous to weighing. 
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15 TAinffiN.— omcux. 

(For cloves and allspice.) 

Extract 2 grams of the sample for 20 hours with anhydrous ether. Boil the residue 
for 2 hours with 300 cc. of water, cool, make up to 500 cc. and filter. Measure 25 cc. 
of this infusion into a 1200 cc. flask, add 20 cc. of indigo solution, 750 cc. of water and 
proceed as directed under XV, 30. One cc. of N/10 oxalic acid is equivalent to 0.00623 
gram of quercitannic acid, or 0.0008 gram of oxygen absorbed. 

16 TOTAL SULPHUR.— OFFiaAL. 

(For mustard.) 
Proceed as directed under II, 19. 

17 VOLATILE OIL IN IffUSTARD SEED.— TBNTATIVB. 

Place 5 grams of the ground seed (No. 20 powder) in a 200 cc. flask, add 100 cc. 
of water, stopper tightly and macerate for 2 hours at about 37 °C. Then add 20 cc. 
of 95 per cent alcohol by volume and distil about 60 cc. into a 100 cc. volumetric flask 
containing 10 cc. of 10 per cent ammonium hydroxid solution, taking care that the end 
of the condenser dips below the surface of the solution. Add 20 cc. of N/10 silver 
nitrate solution to the distillate, set aside overnight, heat to boiling on a water bath 
in order to agglomerate the silver sulphid, cool, make up to 100 cc. with water, and 
filter. Acidify 50 cc. of the filtrate with about 5 cc. of concentrated nitric acid and 
titrate with N/10 anunonium thiocyanate, using 5 cc. of 10 per cent ferric ammonium 
sulphate solution as an indicator. E^ch cc. of N/10 silver nitrate consumed equals 
0.004956 gram of dlylisothiocyanate. 

OLIVE OIL. 

(For paprika.) 

18 QwUiiatioe Test, — Tenialive, 

Spread 5 grams of the paprika on a watch glass and dry over sulphuric acid for at 
least 12 hours. Measure 250 cc. of anhydrous, alcohol-free ether [VII, 9] into a 
graduated flask on which the mark is situated near the lower end of the neck, and 
brush the paprika into it. Place a mark on the neck of the flask at the point where 
the meniscus is, and allow to stand for an hour, shaking at 20 minute intervals during 
that time. Bring the meniscus back to the mark placed upon the neck, either by 
cooling the flask and contents if the level has risen, or by adding absolute ether if it 
has fallen; let the solid particles settle and pipette off 100 cc. of the supernatant liquid, 
filter through an 11 cm. closely woven paper into a tared, air-dry, 250 cc., glass-stoppered 
Erlenmeyer flask that has been counterpoised against a similar flask; wash the paper 
with a little absolute ether. Then distil off the solvent and remove the flask from the 
bath as soon as the ether ceases to come over. Lay the flask oq lis side in a waier 
oven and heat for 30 minutes, cool the open flask for at least 30^ minutes in the air 
and weigh. Repeat this heating and weighing until the weight is constant to within 
1 mg., two heatings usually being sufficient. Note the per cent of ether extract obtained. 
If more than 1.5 hours of heating are required to obtain constant weight, or if the ethei 
extract becomes colorless, reject it and start a new determination with freshly purified 
etfaer. 

Dissolve the ether extract in the flask with 10 cc. of chloroform, add 30 cc. of Hanus 
iodin solution [XXII, 15 (a)] and proceed as directed under XXII, 16, allowing 
30 minnteB for the halogen absorption. Note the iodin number of the ether extract. 
The iodin number of pure paprika thus obtained should not be less than 125. 
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MICROSCOPIC BXJJOHATIOlf.— TBNTATIVB. 
19 GBNBRAL. 

Adulterants of vegetable origin in spices are best detected by means of the micro- 
scope. A general knowledge of vegetable histology and the microscopic appearance 
of the spices and spice adulterants is essential. Some of the standard works^ on these 
subjects are listed in the bibliography. 
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REAGENTS. 



Of the numerous reagents employed in histological work the following are the most 
useful in spice examinations: — 

(a) Glycerol solution (i to i), 

(b) Absolule alcohol. 
(C) Ether, 

(d) Ammonium hydroxid. — ^The concentrated solution, containing about 30 per cent 
of ammonia gas, is used in making Schweitzer*s reagent and for some other purposes. 
For the tumeric test the concentrated solution should be diluted with 10 parts of water. 

(e) 5 per cent potassium hydroxid solution. 

(f ) Chloral hydrate solution (8 io 5). 

(^) Schullze*s mixture. — Grystalli?^ potassium chlorate mixed with nitric acid as 
needed. 

(h) lodin-potassium iodid solution. — ^A solution of 0.05 gram of iodin, 0.2 gram of 
potassium iodid in 15 cc. of water. 

(i) Chlor-zinc iodin solution. — Dissolve 100 grams of zinc chlorid in 60 cc. of water 
in a glass-stoppered bottle and add 20 grams of potassium iodid and 0.5 gram of iodin 
crystals. A few crystals of iodin should be left in the bottle to insure saturation and 
the solution should be allowed to stand a few hours before using. The chlor-zinc iodin 
solution, prepared in this manner, will keep for months. If the color developed in the 
tissue is too deep a blue, a very slight dilution of the reagent is advisable. 

(j) Milton's reagent. — Prepare as directed under XIV, 9. 

(k) 1 per cent ferric acetate or chlorid solution. — Freshly prepared. 

(1) Alkanna tincture. — Macerate 20 grams of alkanet root for several days with 100 cc. 
of alcohol. 

(m) Aqueous safranin solution, 

(n) 10 per cent hydrochloric acid. 

(O) Acetic acid. — Glacial or 99 per cent acetic acid diluted with 2 parts of water. 
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APPARATUS. 



(a) Dissecting microscope or hand lens. 

(b) Compound microscope. — Provided with \ and J inch objectives, 1 and 2 inch 
oculars, double nosepiece, eyepiece micrometer and polarizing apparatus. 

(C) Sieves. — A series of sieves with meshes ranging from 0.2 to 2 nmi. 
(d) Slides, cover-glasses, needles, scalpels, forceps, etc. 

22 PREPARATION OF SAMPLE. 

Reduce one portion to a fine powder in a mortar. Separate another portion into 
several grades of fineness by sieves of different mesh or by jarring on a sheet of paper. 
In the coarser grades, fragments of a suspicious nature may often be seen with the naked 
eye or under a simple microscope; these should be picked out iac subsequent examina- 
tion under the compound microscope. 
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EXABONATION. 



Mount a small quantity of the ground sample in water and examine under the 
compound microscope with both ordinary and polarized light. This gives general 
information as to the nature of the material and serves for the detection and identifica- 
tion of starch granules and various tissues. Draw a small drop of the iodin-potassium 
iodid solution into the same preparation by means of a piece of filter paper placed on 
the opposite edge of the cover-glass and examine. Starch granules wiU be colored 
blue or blue-black, cellulose yellow, and proteins either brown or yellow. 

In the manner just described draw a little of the 5 per cent potassium hydroxid 
solution under the cover-glass and again examine. This treatment gelatinizes the 
starch granules, dissolves the proteins, saponifies the fats, and in other ways dears the 
preparation. It also imparts to tannins a reddish color. If this treatment doe« not 
clear the tissues satisfactorily, treat a fresh portion for some hours with the chloral 
hydrate solution. 

Examine also the crude fiber obtained in the chemical analysis, as in this material 
the stone cells and other tissues are shown distinctly. 

To isolate stone cells, bast fibers and other thick-walled cells macerate a portion of 
the sample in Schultze's mixture, using such proportion of potassium chlorate and nitric 
acid and heating for such a time as secures the desired results. Powdered charcoal and 
charred sheUs resist the bleaching action of potash, chloral hydrate and Schultze*s 
mixture. 

If it is desired to distinguish cellulose from infiltrated substances (lignin, suberin, etc.), 
add the freshly prepared chlor-zinc iodin solution to a water mount, whereby the former 
is colored blue and the latter yellow. 

Test for proteins by cautiously warming on a slide with a drop of freshly prepared 
Millon's reagent. The proteins are partially decomposed, acquiring gradually a brick- 
red color. If it is desired to study the form of the aleurone (protein) granules, which 
in some plants are quite as characteristic as starch granules, prepare a mount in pure 
glycen^ or oil. 

To distinguish fats, oils, essential oils and resins from other cell contents, treat for 
an hour with alkanna tincture, diluted with an equal bulk of water, which imparts to 
these substances a deep red color, or treat with ether, which dissolves them. Treat 
also with alcohol, which dissolves the essential oils and resins, but does not perceptibly 
affect the fats and oils. 

In testing for tannins and tissues impregnated with these substances, add the 1 per 
cent ferric acetate or chlorid solution. Both of these reagents give a green or blue color 
with tannins, but the former acts more slowly and is to be preferred. 

Crystals of calcium oxalate are recognized by their characteristic forms and their 
behavior to polarized light. To distinguish calcium oxalate from calcium carbonate, 
treat with acetic add, which does not affect the* former, but dissolves the latter with 
effervescence. Both are soluble in hydrochloric add. 

PRBPARBD MUSTARD. 

24 FRBPARATION OP SAMPLB.— OFVICUL. 

Transfer the entire contents of the container to a dish sufficiently large to permit 
thorough stirring and make the whole mass homogeneous. Preserve in a bottle having 
a tightly fitting glass stopper. Stir well each time before removing a portion for 
analysis. 
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25 SCUDS.— OFHCIAL. 

Weigh 5 grams of the sample into a flat-bottomed, platinmn dish, distribute evenly 
over the bottom of the dish with a little water, place on a water bath imtil the mixture 
appears dry, and heat finally to constant weight in a water oven. 

26 A8H.— OFFICIAL. 

Ignite the dry residue, obtained in the determination of solids, 24, as directed under 

VII. 4. 

27 SALT.— OFFICIAL. 

Determine chlorin in the ash as directed under II, 15 or 17. 

28 BTHBR EXTRACT.— TBNTATIVB. 

Weigh 10 grams of the sample into a capsule and mix with about 30 grams of sand. 
Heat on a water bath until the mixture appears dry and complete the drying in a water 
oven. Grind until all the lumps are broken up, and determine the ether extract as 
directed under VII, 10. 

29 PROTEIN.— OFFICIAL. 

Determine the nitrogen as directed under I, 18, 21 or 23, using 5 grams of the 
sample. Multiply the result by 6.25 to obtain the equivalent amount of protein. 

30 ACIDITY.— OFFICIAL. 

p 

Weigh 10 grains of the sample into a 200 cc. graduated flask, make up to the mark 
with water, shake, filter through a dry paper and determine the acidity in 100 cc. by 
titration with N/10 alkali, using phenolphthalein as an indicator. Express the result 
as acetic acid. One cc. of N/10 alkali is equivalent to 0.0060 gram of acetic acid. 

31 COPPER-REDUCING SUBSTANCES.— OFFICIAL. 

By Direct Inversion. 

Proceed as directed under VII, 59, except that 10 grams of the sample, without 
previous washing or extraction, are treated directly with 200 cc. of water and 20 cc. 
of 25 per cent hydrochloric acid and the solution is made up to 250 cc. after neutralizing 
and before filtering and drawing off" the aliquot. In analyses of samples containing 
starch, particular attention should be given that the amount of dextrose present in 
the aliquot taken for the reducing sugar determination does not exceed the maximum 
permitted for that determination. Express the result in terms of starch. 

32 CRUDE FIBER.— TENTATIVE. 

Transfer 8 grams of the sample (equivalent to about 2 grams of dry matter) to a 
porcelain or glass mortar. Treat with a little hot dilute sulphuric acid (1.25 grams 
per 100 cc.) and rub to a uniform thin paste. It is absolutely essential that this paste 
be uniform in consistency and entirely free from lumps. Rinse the thin mixture into 
a 500 cc. Erlenmeyer flask, using a total volume of 200 cc. of the hot dilute sulphuric 
acid for the entire operation. Proceed as directed under VII, 66, and remove all the 
fat, previous to weighing the crude fiber, by repeated washings of the dry fiber with 
ether. 
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33 COLORING MATTBRS.— TBNTATIVB. 
Proceed as directed under X. 

34 PRBSERVATIVBS.— OFFICIAL. 
Proceed as directed under IX. 
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mischer Atlas der Pharmakognosie und Nahrungsmittelkunde. 1900; Greenish and 
Collin. Anatomical Atlas of Vegetable Powders. 1904; Greenish. Microscopical 
Examination of Foods and Drugs. 2nd ed., 1910; Koch. Die Mikroskopische Analyse 
der Drogenpulver. 1900^08. 



XXIV. CACAO PRODUCTS. 



PREPARATION OP SAMPLE.— OFFICIAL. 



Mix powdered (voducts thorou^y and preserve in tightly stoppered bottles. ChiU 
sweet or bitter chocolate until it becomes hard and reduce to a finely granular condition 
by grating or shaving. Mix thoroughly and preserve in a tightly stoppered bottle in 
a oo<d place. 

2 MOISTURE.— OFFICIAL. 
Pkt>ceed as directed under VIII, 2. 

3 ASH.-OFFICIAL. 

Proceed as directed under VIII, 4, employing sufficient sample to contain approxi- 
mately 1 gram of water-, sugar- and fat>free material. 

4 ASH inSOLUBLB IH ACID.— OFHCIAL. 
Proceed as directed under XXIII, 5. 

5 SOLUBLE Ain> INSOLUBLE ASH.— OFFICIAL. 

Proceed as directed under VIII, 14, employing sufficient sample to contain approxi- 
mately 1 gram of water-, sugar- and fat>free material. 

6 ALKALINITY OF THB SOLUBLE ASH.— OFHCIAL. 
Proceed as directed under VIII, 15. 

7 ALEJOINTTT OF THB INSOLUBLE ASH.— OFFICIAL. 

Proceed as directed under VIII, 16. 

8 TOTAL NITROGEN.— OFFICIAL. 
Determine total nitrogen as directed under I, 18, 21 or 23« 

9 CRUDE FIBER.— TBNTATIVB, 

Proceed as directed under VII, 66, employing sufficient sample to contain approxi^ 
mat^ 1 gram of water-, sugar- and fat-free material, except that both filtrationfr 
should be made upon paper, the washed fUber either being weighed upon a tared filter 
in the usual way or rinsed from the paper into a tared Grooch, dried and weighed. 

The residue after fat extraction may be used directly for the crude fiber determinatioif 
in the analysis of commercial cocoa and other finely ground or pulverized cacao products. 
If, however, the material is at all granular, it should be reduced to an impalpable powder, 
otherwise the results will be much too high. The pulverization may be satisfactorily 
performed by grinding with ether, as described under 10, treating the extracted residue 
with the hot dilute sulphuric acid and proceeding from this point as directed above. ' 
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STARCH. 

10 Direct Acid Hydrolysis Method. — Tentative. 

Weigh 4 grams of the sample, if unsweetened, or 10 grams if sweetened, into a small 
porcelain mortar, add 25 cc. of ether and grind. After the coarser material has settled, 
decant the ether, together with the fine suspended matter, on an 11 cm. paper of 
sufficiently fine texture to retain the crude starch. Repeat this treatment until no 
more coarse material remains. After the ether has evaporated from the filter, transfer 
the fat-free residue to the mortar by means of a jet of cold water and rub to an even 
paste, filtering on the paper previously employed. Repeat this process until all the 
sugar is removed. In the case of sweetened products the filtrate should measure at 
least 500 cc. Determine crude starch in the extracted residue as directed under VII, 59. 

11 Diastase Method. — Tentative. 

Remove fat and sugar from 4 grams of the sample, if unsweetened, or 10 grams if 
sweetened, as directed under 10. Carefully wash the wet residue into a beaker with 
100 c€. of water, heat to boiling over asbestos with constant stirring and continue 
the boiling and stirring for 30 minutes. Replace the water lost by evaporation and 
immerse the beaker in a water bath kept at 55°-*60°G. When the liqtiid has oooM 
to the temperature of the bath, add 20 cc. of freshly prepared malt extract [VII, 60] 
and digest the mixture for 2 hoars with occasional stirring. Boil a second time for 
30 minutes, dilute, cool and digest as before with another 20 cc. portion of the malt 
extract. Heat again to boiling, cool and transfer to a 250 cc. flask. Add 3 cc. of 
alumina cream, make up to the mark and filter through a dry paper. The residue 
on the paper should show no signs of starch when examined microscopically. Continue 
from this point as directed under VII, 61, beginning with the words 'Tlace 200 cc. 
of the filtrate in a flask with 20 cc. of hydrochloric acid". 

12 FAT.— OFHCIAL. 

Dry 2 grams of the material over sulphuric aeid until aU the moisture is practically 
removed. Products rich in fat show a tendency to cake at the temperature of boiling 
water. Hence, drying by means of heat must be avoided. Elxtract with anhydrous 
ether in a continuous extractor until no more fat is removed. Grind and repeat the 
extraction. A total extraction period of 4 hours' is usually sufiicient. Introduce the 
ether extract into a tared dish, aUow the ether to evaporate and dry the residue to 
constant weight at lOO^C. 

The rapid centrifugal tneth(Hl\ thotigh useful and accurate under ordinary con- 
ditions, is unreliable during the summer months or in warm latitudes and has not 
been approved. 

13 PHYSICAL AND CHEMICAL EXAMINATION OP THE PAT. 

Separate the fat in a manner similar to that described under 15 and determine the 
melting point, index of vefraction, iodin absorption, saponification, Reichert-Meissl 
and Polenske numbers as directed under XXII. Melting p<Hnt determinations upon 
this material do not become normal until the fat has been Kept for at least 24 hours 
in a cool place. 

14 MILK FAT IN MILK CHOCOLATE.— TENTATIVE. 

Estimate the amount of milk fat in milk chocolate from the foUowing formula based 
on a Reichert-Meisal number of 0.5 for cocoa butter: 
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24A + 0.5B 

ae in which 

5 

A » grams of butter fat in 5 grams of mixed fat, 

B =5— A »grams of cocoa fat in 5 grams of mixed fat, 

C ^Reichert-Meissl number of extracted fat. 

From which the 

C - 0.6 
Weight of butter fat in 5 grams of mixed fat = — --- — and the 

4.7 

C - 0.5 

Per cent of butter fat » per cent of total fat X — rr 

^ 23.5 

15 SUCROSB Ain> LACTOSE.— TENTATIVB. 

Prepare the sample by chilling well and sha\'ing as finely as possible with a knife. 
Transfer 26 grams of this material to an 8 ounce nursing bottle, add about 100 cc. of 
petroleum ether and shake for 5 minutes. Gentrifugalize until the solvent is clear. 
Draw off the clear solvent by suction and repeat the treatment with petroleum ether. 
Place the bottle containing the de-fatted residue in a warm place until the residual 
traces of petroleum ether are practically expelled. Add 100 cc. of water, shake until 
all the chocolate is loosened from tlie sides and bottom of the bottle and then shake 
for 3 minutes longer. Add basic lead acetate solution from a burette to complete 
precipitation, then sufficient water to make the total volume of added liquid 110 cc. 
Mix thoroughly and filter through a folded filter. Make the direct polariscopic reading 
**a** in a 200 mm. tube. Precipitate the excess of lead by anhydrous potassium oxalate 
and invert the solution as directed under VII, 14. Obtain the reading of the inverted 
solution. Multiply the invert reading by 2 to correct for dilution "b". From the 
figures obtained calculate the percentages of sucrose (S) and lactose (L) by the formulas 

^ _ (a - b) (110 -h X) 
142.66 - - 

»^:i+i|)-^ . . . 

L — T— r in which the value of x is obtained from 

0.79 

0.2244 (a - 21d) 

in which the value of d is obtained from 



1 - 0.00204 (a - 21d) 

a-b 



d 



142.66 - - 
2 



16 CASEIN IN muk chocolate.— tentative. 

It is unnecessary to de-fat the chocolate. Weigh 10 grams of the chocolate into a 
500^cc. Erlenmeyer flask and add 250 cc. of 1 per cent sodium oxalate solution. Heat 
to boiling and boil gently for a few minutes, then cool, add 5 grams of magnesium 
carbonate and filter. Determine nitrogen in 50 cc. of this filtrate. Pipette 100 cc. 
of the filtrate into a 200 cc. volumetric flask and dilute almost to the mark with water. 
Then precipitate the casein by the addition of 2 cc. of glacial acetic acid or 1 cc. of 
concentrated sulphuric acid. Make to volume, shake, filter and determine nitrogen 
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in 100 cc. of the filtrate. The difference between the two nitrogen detmninations 
gives the nitrogen derived from the casein which, multiplied by 6.38, gives the amount 
of casein present in 2 grams of the sample. 

17 COLORING MATTERS.— TBlfTATIVB. 

Proceed as directed under X. 

BIBUOGRAPHY. 
1 U. S. Bur. Ghem. Bull. 137, p. 103. 



XXV. COFFEES. 

GREEN COFFEE. 

1 MACItOSCOPIC BXAMINA1ION.— TSNTATIVS. 

A macroflcopic examination is usually sufficient to show the presence of excessive 
amounts of black and blighted coffee beans, coffee hulls, stones and other foreign 
matter. These can be separated by hand picking and determined gravimetrically. 

2 COLORING MATTBRS.— TSNTATIVB. 

Shake vigorously 100 grams or more of the sample with cold water or 70 per cent 
alcohol by vcdume. Strain through a coarse sieve and allow to settle. Identify soluble 
colors in~the solution and insoluble pigments in the sediment as directed under X. 

ROASTED COFFEE. 

3 MACROSCOPIC KXAMINATION.— -TBlfTATIVB. 

Artificial coffee beans are apparent from their exact regularity of form. Roasted 
legumes sad lumps of chicory, when present in whole roasted coffee, can be pidied out 
and identified microeoopically. In the case of ground coffee sprinkle some of the sample 
on cold water and stir lightly. Fragments of pure coffee, if not overroasted, will float, 
while fragments of chicory, legumes, cereals, etc., will sink inmiediatety, chicory coloring 
the water a decided brown. In aU cases identify the particles that sink by micro- 
scopical examination. 

4 PREPARATION OF SAMPLE.— OFVICIAL. 

Grind the sample to pass through a sieve having holes 0.5 mm. in diameter and 
preserve in a tightly stoppered bottle. 

5 MOISTDRB.n-TBIITATIVB. 

Dry 5 grams of the sample at 105°-110°G. for 5 hours and subsequent periods of an 
hour each until constant weight is obtained. The same procedure may be used, drying 
in vacuo at the temperature of boiling water. In the case of whole coffee, grind rapidly 
to a coarse powder and weigh at once portions for the determination without sifting 
and without unnecessary exposure to the air. 

6 80LUBLS, SOLIDS.— TBHTATIVB. 

Place 4 grams of the sample in a 200 cc. flask, add water to the mark and allow the 
mass to infuse 8 hours, with occasional shaking; let stand 16 hours longer without 
shaking, filter, evaporate 50 cc. of the filtrate to dryness in a flat-bottomed dish, dry 
at 100°G., cool and weigh. 

7 ASH.— OFFICIAL. 

Proceed as directed under VII, 4. 

8 ASH IHSOLTOLS IN ACID.— OFHCIAL. 

Proceed as directed under XXIII, 5. 
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9 80LUBLB AND IllSOLUBLB ASH.— OFFICIAL. 
Proceed as directed under VIII, 14. 

10 ALKAUNITY OF THB SOLtJBLB ASH.— OFFICIAL. 

Proceed as directed under VIII, 15. 

11 SOLUBLB PHOSPHOJRIC ACID IH THE ASH.— OFOTCIAL. 

Acidify the solution of 8<duble ash, obtained in 9, with dilute nitric acid and deter- 
mine phosphoric acid (PiOb) as directed under I, 6 or 9. 

12 INSOLUBLE PHOSPHORIC ACID IN THB ASH.— OFFICIAL. 

Determine phosphoric acid (PzOs) in the insoluble ash as directed under I, 6 or 9. 

13 CHLORIDS.— OFFICIAL. 

Proceed as directed under II, 20. 

CAFFtlN. 

14 The Fendler and Stiiber MeihodK-^Teniaiive, 

Pulverize the coffee to pass without residue through a sieve having circular openings 
I mm. in diameter. Treat a 10 gram sample with 10 grams of 10 per cent ammoniiun 
hydroxid and 200 grams of chloroform in a glass-stoppered bottle and shake contmu* 
ously by machine or hcmd for one-half hour. Pour the entire contents of the bottle on 
a 12.5 cm. folded filter, covering with a watch glass. Weigh 150 grams of the filtrate 
into a 250 cc. flask and evaporate on the steam bath, removing the last chlorofonii 
with a blast of air. Digest the residue with 80 cc. of hot water for 10 minutes on a 
steam bath, with frequent shaking, and let cool. Treat the solution with 20 cc. (for 
roasted coffee) or 10 cc. (for unroasted coffee) of 1 per cent potassium permanganate 
and let stand for 15 minutes at room temperature. Add 2 cc. of 3 per cent hydrogen 
peroxid (containing 1 cc. of glacial acetic acid in 100 cc.). If the liquid is still red or 
reddish, add hydrogen peroxid, 1 cc. at a time, until the excess of potassium perman- 
ganate is destroyed. Place the flask on a steam bath for 15 minutes, adding hydrogen 
peroxid in 0.5 cc. portions until the liquid becomes no lighter in color. Cool and filter 
into a sep€U'atory funnel, washing with cold water. Extract four times with 25 oc. of 
chloroform. Evaporate the chloroform extract from a weighed flask with aid of an air 
blast and dry at 1(X)^C. to constant weight (one-half hour is usually sufficient). Weigh 
the residue as caffein and calculate on 7.5 grams of coffee. Test the purity of the 
residue by determining nitrogen and multiplying by 3.404 to obtain caffein. 

15 Modified Siahlsehmidi Method!^. — Tentative. 

Weigh 3.125 grams of the finely powdered sample into a 500 oc. flask, add 225 cc. of 
water (this volume will be reduced to about 200 cc. by boiling), attach a reflux con- 
denser and boil for 2 hours. * Add 2 grams of dry basic lead acetate [VII, 13 (€)] 
and boil 10 minutes more. Cool, transfer to a 250 cc. graduated flask, fill to the mark, 
filter through a dry filter, measure 200 cc. of the filtrate into a 250 cc. graduated flask 
and pass hydrogen sulphid through it to remove the excess of lead. Make the solution 
up to the jnark and filter through a dry filter. Measure 200 oc. of this filtrate into an 
evaporating dish and concentrate to about 40 cc. Wash the concentrated solution 
with as little water as possible into a small separatory funnel and shake out four times 
with chloroform, using 25, 20, 15 and 10 cc, respectively. If any emulsion forms. 
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break it up with a stirring rod and run the separated portions of chloroform through 
a 5 cm. filter into a smaU, tared Erlenmeyer flask. Evaporate the chloroform on a 
steam bath, or recover the chloroform by attaching the flask to a condenser and dis- 
tilling to a smafl volume. Dry the fine, white crystals of caffein to constant weight 
at 75*'G. Test the purity of this residue by determining nitrogen as directed under I, 
18, 21 or 23 and multiplying. by 3.464. 

16 CRUDS FlBBR.-OrFICIAL. 
Proceed as directed under VII, 66. 

17 STARCH.— TENTATIVB. 

Extract 5 grama of the finely pulverized sample on a hardened filter with five sue- 
cessive portions (10 cc. each) of ether, wash with small portions of 95 per cent alcohol 
by volume until a total of 200 oc. have passed through, place the residue in a beaker 
and proceed as directed under VII, 61. 

18 SUGARS.— TENTATIVB. 
Proceed as directed under VII, 56, 57 and 58. 

19 PBTROUEUM BTHBR EXTRACT.— OFFICIAL. 

Dry 2 grams of the coffee^ at lOO^C, extract with petroleum ether (b. p. 35®-50**C.) 
for 16 hours, evaporate the solvent, dry the residue at lOO^C, cool and weigh. 

20 TOTAL ACromr.— TENTATIVE. 

Treat 10 grams of the sample, prepared as directed under 4, with 75 cc. of SO per 
cent alcohol by volume in an Erlenmeyer flask, stopper and allow to stand 16 hours, 
shaking occasionally. Filter and transfer an aliquot of the filtrate (25 cc. in the case 
of green cofi'ee, 10 cc. in the case of roasted cofl^ee) to a beaker, dilute to about 100 cc. 
with water and titrate with N/10 alkali, using phenolphthalein as an indicator. Express 
the result as the number of cc. of N/10 alkali required to neutralize the acidity of 100 
grams of the scunple. 

■ 

21 VOLATILE ACIDITY.— TENTATIVE. 

Into a volatile acid apparatus [XV, 25, Fig. 6] introduce a few glass beads and 
over these place 20 grams of the unground sample. Add 100 cc. of recently boiled 
water to the sample, place a sufficient quantity of recently boiled water in the outer 
flask and distil until the distillate is no longer acid to litmus paper. Usually 100 cc 
of distillate will be collected. Titrate the distillate with N/10 alkali, using phenol- 
phthalein as an indicator. Express the result as the number of cc. of N/10 alkali 
required to neutralize the acidity of 100 grams of the sample. 

Coating and Glazing Substances. 

22 SUGAR AND DEXTRIN.— TENTATIVE. 

Introduce 100 grams of the whole coffee into a beaker, add exactly 300 cc. of water, 
stir and allow to stand 5 minutes, with frequent stirring. Filter through a dry filter, 
add carefully to the filtrate sufficient dry lead acetate to precipitate all the caffetannic 
acid, avoiding an excess. Filter through a dry filter and remove the lead from the 
filtrate by the addition of a slight excess of anhydrous potassium oxalate. Filter 
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through a dry filter and determine reducing sugars as invert sugar in 50 oc. of the 
filtrate, as directed under VII, 25. Invert a 75 cc. aliquot of the filtrate as directed 
under VII, 14. Cool, nearly neutralize with sodium hydroxid solution, make up to 
100 cc. and determine reducing sugars as invert sugar in the resulting solution, as 
directed under VII, 25. Measure a 100 cc. aliquot of the filtrate into a 200 cc. flask, 
add 10 cc. of 25 per cent hydrochloric acid and hydrolyze as directed under VII, 59. 
Cool, neutralize with sodium hydroxid solution, make up to volume, filter through a 
dry filter and determine reducing sugars as invert sugar in 50 cc. of the filtrate, as 
directed under VII, 25. Calculate the reducing sugars in each instance to per cent 
by weight of the original coffee. Calculate sucrose from the reducing sugars before and 
after inversion as directed under VII, 18, and calculate dextrin as follows: Subtract 
the reducing sugars after inversion from the reducing sugars after hydrolysis, multiply 
the difference by the factor 0.9561 to convert the result to dextrose and then by 0.9 
to convert to dextrin. 

In some instances the presence of sucrose in the water esrtxact may be verified by 
polarization. The presence of dextrin in the water extract may be verified by pokirixa- 
tion as directed under VIII, 22, and by the erythro-dextrin test [VIII, 44] performed 
on the water extract previous to clarification with lead acetate. 

23 EGG AIBI7MEN AND GBLATIIf.— TBNTATIVS. 

Treat )00 grams of the whole coffee with 500 cc. of water and allow to stand with 
frequent stirring for 5 minutes. Filter and treat separate portions of the filtrate with 
(1) a strong solution of tannic acid, (2) Millon*s reageht [XIV, 9]. Boil a third 
portion of the filtrate. In the presence of egg albumen a more or less heavy precipitate 
will be formed in each case. As a confirmatory test, treat an aliquot of the filtrate 
with an excess of tannic acid solution, add a little salt if necessary to secure floccula- 
tion of the precipitate, filter and, without washing, introduce the paper and its contents 
into a Ejeldahl flask and determine nitrogen. By this method coffee not coated with 
albumen or gelatin will yield less than 10 mg. of nitrogen per 100 grams of sample. 

24 CHICORY IRFirSION.— tbhtativb. 

Cover 100-150 grams of the whole coffee with water, allow to soak 2-3 minutes, 
stirring frequently, and drain the aqueous washings through a coarse sieve. Wash the 
coffee upon the sieve with about 100 cc. of water and centrifugalize the combined 
washings. Decant the clear liquid from the sediment, which should then be drained 
almost dry on filter paper. Mount the sediment in chloral hydrate [XXIII, 20 (f )] 
and examine under the microscope for elements of chicory. 

25 PATS AHD WAXES'.— TBirTATIVB. 

Treat 100-200 grams of the beans with low boiling petroleum ether for 10 minutes, 
pour off the petroleum ether and repeat the process. Filter the combined extracts, 
evaporate and determine the index of refraction and the saponification number of the 
residue, as directed under XXII, 6 and 20. 

BIBLIOGRAPHY. 

1 Z. Nahr. Genussm., 1914, 28: 9; C. A. 8: 3599. 

* Allen. Commercial Organic Analysis. 4th ed., 1909-14, 6: 607. 

> Forschb. Uber Lebensm., 1895, 2: 223. 



XXVI. TEAS. 

1 DUST, STEMS AND FOREIGN LEAVES.— TENTATIVE. 

Place 1 gram of the tea in a 300 cc. casserole, add 200 cc. of boiling water and allow 
to stand 15 minutes. This treatment will cause the leaves to unroll, so that they will 
be in condition for examination as to their form and structured A macroscopic 
examination will reveal the presence or absence of dust or stems. 

• 

2 PREPARATION OF SAMPLE.— OFFICIAL. 

Grind the sample to pass through a sieve having circular openings 0.5 ami. in 
diameter. 

3 MOISTURE.— OFFICIAL. 
Proceed as directed under VIII, 2. 

4 WATER EXTRACT*.— TENTATIVE. 

To 2 grams of the original sample in a 500 cc. Erlenmeyer flask add 200 cc. of hot 
water and boil over a low flame for an hour. The flask should be closed with a rubber 
stopper through which passes a glass tube 18 inches long for a condenser. The loss 
from evaporation should be replaced from time to time by the addition of hot water. 
Filter through a tared filter and wash the residue until the filtrate measures 500 cc., 
stirring the contents of the filter throughout the process to facilitate the filtering. 
Dry the filter paper and residue in the funnel in a steam oven until the excess of water 
is removed, transfer paper and contents to a tared weighing bottle and dry to constant 
weight at lOO^'G. 

5 ASH.— OFFICIAL. 
Proceed as directed under VII, 4. 

6 SOLUBLE AND INSOLUBLE ASH.— OFFICIAL. 

Proceed as directed under VIII, 14. 

7 ASH XHSOLUBLB IN ACID.— OFFICIAL. 
Proceed as directed under XXIII, 5. 

8 ALKAUNmr OF THE ASH.— OFFICIAL. 

Determine the alkalinity of the soluble and insoluble ash as directed under VIII, 
15 and 16. 

9 PHOSPHORIC ACID IN THE ASH.— OFFICIAL. 

Determine phosphoric acid (PiOt) in the soluble and insoluble ash as directed under 
XXV, 11 and 12. 
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10 PRTROLBUM BTHBR BZTRACT.-^FnCIAL. 
Proceed as directed under XXV, 19. 

11 PROTBIll. — ^TBNTATIVB. 

Determine nitrogen as directed under I, 18, 21 or 23. Subtract the percentage of 
nitrogen present as caffein from the percentage of total nitrogen to obtain the penmen l- 
age of nitrogen present as protein. Multiply this result by 6.25 to obtain the per- 
centage of protein. 

12 CRX7DB FIBER.— OFFICIAL. 
Proceed as directed under VII, 66. 

13 VOLATILE OIL.— TENTATIVE. 

Add 100 grams of tea to 800 cc. of water, distil, extract the distillate several times 
with petroleum ether, transfer the combined petroleum ether extracts to a tared dish, 
evaporate at room temperature, dry in a desiccator and weigh. 

14 CAFFEIN.— TENTATIVE. 
Proceed as directed under XXV, 15. 

TANNIN'.— TENTATIVE. 

15 REAGENTS. 

(a) Potassium permanganate solution. — Make up a solution containing 1.33 grams 
per liter and obtain its equivalent in terms of N/10 oxalic add. 

(b) N/10 oxalic acid. 

(C) Indigo carmine solution. — Make up a solution containing 6 grams of indigo 
carmine (free from indigo blue) and 50 cc. of concentrated sulphuric add per liter. 

(d) Gelatin solution. — Soak 25 grams of gelatin for one hour in saturated sodium 
chlorid solution, heat until the gelatin is dissolved and make up to 1 liter after cooling. 

(e) Acid sodium chlorid solution. — Acidify 975 cc. of saturated sodium chlorid solu- 
tion with 25 cc. of concentrated sulphuric acid. 

(f ) Powdered kaolin. 
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Boil 5 grams of the tea for 30 minutes with 400 cc. of water, cool, transfer to a 
500 cc. graduated flask and make up to the mark. To 10 cc. of the infusion (filtered 
if not clear), add 25 cc. of the indigo carmine solution and about 750 cc. of water. 
Add from a burette the potassium permanganate solution, a little at a time while 
stirring, until the color becomes light green, then drop by drop, until the color changes 
to bright yellow or to a faint pink at the rim. Designate the number of cc. of perman- 
ganate used as *'a*\ 

Mix 100 cc. of the clear infusion of tea with 50 cc. of the gelatin solution, 100 cc. 
of the acid sodium chlorid solution and 10 grams of the powdered kaolin, and shake 
several minutes in a stoppered flask. After settling decant through a filter. Mix 25 cc. 
of the filtrate with 25 cc. of the indigo carmine solution and about 750 cc. of water 
and titrate with permanganate as before. The number of cc. of permanganate used 
subtracted from that obtained above, **a", gives the amount of permanganate required 
to oxidize the tannin. One cc. of N^IO oxalic acid is equivalent approximately to 
0.0042 gram of tannin (gallotannic acid). 



XXVII TEAS 275 

Facing. 
17 genbral.~tbntativs. 

Mineral pigments may be detected in the ash, or the tea may be shaken up with a 
large volume of water, and the water separated from the leaves by a sieve. The insolu- 
ble mineral substances used in facing will settle and can be removed by filtration for 
further examination, as directed under X, 1. The catechu and other soluble substances 

I 

will be found in the filtrate. 

18 PASAmif AND WAXY 8UB8TANCBS.^TBNTATIVX. 

Spread a quantity of the tea between two sheets of unglazed, white paper and place 
thereon a hot iron. Any greasy substance will stain the paper ^. 

19 PIGMENTS USBD FOR COLOUHO OR PA£INO^— TBNTATIVB. 

Place 60 grams of the tea in a 60 mesh, 5-6 inch sieve, provided with a top. Sift a 
small quantity (approximately 0.1 gram) of the dust upon a piece of semi-glazed, white 
paper about 8 by 10 inches. To obtain the requisite amount of dust, it is sometimes 
necessary to rub the leaf gently against the bottom of the sieve, but this must not be 
done until the sieve has been well shaken over the paper. Place the paper on a plain, 
firm surface, preferably glass or marble, and crush the dust by pressing firmly upon 
it a flat steel spatula about 5 inches long. Repeat the crushing process until the tea 
dust is ground almost to a powder when particles of coloring matter, if present, become 
visible as streaks on the paper. Brush off the loose dust and examine the paper by 
means of a simple lens magnifying 7.5 diameters. In distinguishing these particles 
and streaks bright light \s essential. In many cases the character of the pigment is 
indicated by the behavior of these streaks when treated with reagents and examined 
under a microscope. The crushed particles of natural leaf in either black or green tea 
appear in such quantity that there is no chance of mistaking them for coloring or facin;{ 
material. This test should be repeated, using black, semi-glazed papei for facings such 
as talc, gypsum, barium sulphate or clay. 

BIBLIOGRAPHY. 

^ (J. S. Bur. Ghem. Bull. 13 (VII); Villiers and Colin. Traits des Alterations et 
Falsifications des Substances Alunentaires. 2ad ed., 190^11. 
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» U. S. Bur. Ghem. BuU. 13 (VII), p. 890. 
* U. S. Treas. Dcpt., T. D. 35244, March 23, 1915. 
» Ibid.; Proc. Eighth Intern. Gong. Appl. Ghem., 1912, 18: 301. 
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raSPABATIOH or 8A1IPLB.— OfflCUL. 



Remove the entire sample from the package, mix carefully and pass through a 20-40 
mesh sieve. 

TOTAL CARBON DIOXID. 

2 General Mefftod.-^TenkUwe. 

Make the determlnatinin hy the absorption method, employing any apparatus which 
gives aooorate results when checked with pure calcke. Whatever apparatus is ohosen, 
the tubes and materials used for absorbing and drying the carbon dioxid may be varied 
according to the preferenos of the anialyst. Use 0.26-1 gram of sodium or cak^Jiun 
carbonate, aooording to the amount of absorbent empfeyed, and in the case of baking 
powder 0.50-2 grama. 

Method Using Knorr*s ApparatuM. — Official, 

3 lUSAOENTS* 

(a) Potassium hydroxii solution, — Dissolve 25 grams of potassium hydroxid in 50 oc. 
of water. 

(b) Soda lime, — ^Finely granulated and freed fat>m dust by sifting. 




FIG. 12. KNOHR'S APPARATUS FOR THE DETERMINATION OF CARBON DIOXID. 



APPARATUS. 



This consists of a flask (A), fitted by means of a ground-glass joint with a gbss 
connection tto>ugh the upper part of which passes a dropping funnel (fi), and join^ 
at the side with a Liebig condenser (D). The mouth of the dropping funnel (B) is 
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connected by means of a perforated stopper with a soda lime tube (C). The upper 
end of the Liebig condenser is connected by a rubber joint with a Geissler bulb (E), 
containing sulphuric acid for drying the gas passine into the next Geissler bulb (f), 
connected with (>£^, and containing strong potas^ra hydrdxid solution (4 ^ ^K The 
bulb (F) is connected with a third Geissler bulb (G), containing sulphuric acid for the 
absorption of moisture eaoaplBg from <i^)« . A. fouithrGalnlcr bulb {H) is attached to 
^(G^as a orecaution to prevent moisture from the ^ir bfing absorbed by (G). (//) is 
connected with an aspirator. Many analysts prefer to replace the bulb (F) by 2 U-tubes 
filled with sifted soda lime. 

5 DETER^N ATlpN.. . * 

f. Place 0l5^2 'grams of the baking pawdetr the amMmt dependiag^ipoii ihe-peroentage 
•£ cariion dioxidpreseDt, io tlie flaftk (^4 ), which sivst be pedecUy dry. QIom the flask 
.with the stopper' which carries the fukmel tube and thb tube ciKntrting wHb the 
•absoiption apparatus. Weigh separately the Geissler buUbe (F) and (G) . and attach 
tiMm to the apparatus, if 2 soda lime tubes are employed, weigh them separately 
and fill the first anew when the second increases materially in weight. Nearly fill 
the funnel tube (B) with hydrochloric acid (sp. gr. 1.1) and place the soda lime tube 
(C) in position. Th^ aspirate aif through the Geissler bulbs at a rate of about 2 
bubbles per second. Open the stopper -of the funnel and allow the add to run slowly 
intQ the flask, care being taken that the evolution of gas is so gradual as not to materially 
increase the current through the Geissler bulbs. After all the acid has been introduced, 
close the stop-cock in (B), continue the aspiratipii and heat gradually tl^e contents 
of the flask to boiling. While the flask is being heated the aspirator tube may be 
removed, although many analysts prefer, when using ground-glass joints, to aspirate 
during the entire operation. Continue the boiling for a few minutes aft^ the water 
has begun to condense in (D)\ then remove the flame, open "the stop-co^ in tube (B) 
and allow the apparatus to cool with continued aspiration. Remove', ike absorption 
bulbs (F) and (G) and weigh. The increase in weight it due to carbon dioxid. 

Method Using Heidenhain*s Apparatus. — OfficiaL 

6 REAGENTS. 

(S) Calcium chlorid. — Use calcium chlbrid dehydrated at 200^0., but not fused. 
Grind it coarsely m a coffee miU and sift through No. 18 wire gauze to remove the 
extremely coarse, and through No. 30 wire gauze to remove the very fine, particles. 

(b) Soda lime. — Grind and sift the soda lime^ for the weighed tubes as described 
above. It should not be too dry, as it must not absorb moisture to a greater degree 
than the calcium chlorid. 

7 APPABATU8*. 

This consists of a cylinder (A), fiUed with soda lime to remove carbon dioxid from 
the air passing through the apparatus. A thick layer of cotton at the upper end 
prevents soda lime dust from being carried over. Connect the cylinder {A) by means 
of a perforated rubber stopper and a bent glass tube having a stop-cock (B) and a 
capillary constriction (C) with a short piece of rubber tubing to which is attached a 
short piece of glass tubing (E), fitted with a perforated rubber stopper. The latter 
fits tightly into the constriction of the funnel tube (D). The funnel of the latter is 
cylindrical in shape, } inch in diameter at the upper end, { inch at the lower end and 
4 inches long, the rubber stopper of (E) fitting into the constriction. The stem of the 
funnel tube (D) passes through a doubly perforated rubber stopper almost to the 
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bottom of the evolution flaak (F), whidi is ordiiMrily of 160 cc. capacity but. in tht 
case of fosming liquids, may bold 300 cc. Through the second perforation in the 
stopper connect tbe evolution Bask (F) with a leAux ooadenaer (<^, eoniistSng of a 
} inch glass tube around which is wound a small lead pipe-oarrTiDgacurvcat of coM 
watCT. To the upper end of tiw condensa' attach a U-tube containing a . little calciwn 
chlorid (to ba reMewed when K has licfuefied) to retain the bulkof tiie naoisture. - Oon> 
neet ihk U-tadie with a Hecond U-tube (H), filled with coarae oalcum cMKid. and 
thiit in t>n «ath a third U-tuhe (K), filkd at (/) with a 3 innh txihimn tA pumice stone 
impfegnaled with capper ndphate and completely dehydrat«d at ItO'C, tbe remainder 
of the tube being filled with fine calcium clilortd. Connect the U-tube (K) with a bent 
^Bsa tube having a stop-cock (i.) which b cloeed when tbe appf^tus is not in use. 
Next attach the absorption U-lubes (M) and {N) which are i inch iq diameter apd 5 
ioches long, tbe first filled owinly with soda lime but containing a little calcium cblorid 
at the end. where the air current enl«rs. tbe second filled one-half with soda lime and 



one-half with calcium cblorid. the latter being placed at tbe Ride where the air current 
leaves. Connect (N) with a guard tube (Q). filled with calcium chlorid oo the side 
toward (JV) and with soda lime on the side toward (P), the letter bemg a small U-tube 
trapped with glycerol to indicate the pansage of the air current. Connect (P) with a 
safety bottle (fl), to receive any water whii:h may Iw sucked back from the aspirator, 
and connect (/t) with the aspirator (S), a 4 lil^^r Mariette bottle. 

The tubes (M) and (/V) should bold about 20 grams, making the capacity of (iVf) 
for carbon dioxid almost 1 gram and that of (/V) for moisture 0.3 gram. (Ill) should 
be refilled when its weight has increased 0.75 gram and (^0 aft«r increase of 0.1 gram 

Use tbe beet grade of rubber for all connections, applying a trace of castor oil as a 
lubricant. For connections at tbe weighed tubes use rubber tubing boiled in weak lye, 
washed end dried. Apply also a little castor oil, which is thoroughly wiped off again 
More connectmg the tubing. 

Befor* using the apparatus fUl (H) and (K) ffith carbon dkxcid in order tossturate 
tbe alkalinity of the calcium chbrid and exhaust after several hours. > 
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8 



DETERMINATION. 



Id order to fiod the allowable rapidity of the air current employed during the deter- 
mination, proceed as follows: Charge the ai^iaratus exactly as fcnr an analyns, leaving 
out the carbonate. Begin to aspirate at the rate of about 50 oc. per minute. After 
2 Uters have been aspirated weigh the tubes, (M) and (TV). If they have lost weight, 
repeat the experiment with 40 cc. per minute, and so on until the weigiit of the tubes 
remains constant. If the work has been done with due precaation, the first tube 
should have lost just as much as the second has gained. Do not exceed the safe speed 
thus found. 

Wdgh the tubes (M) and (N) at the air temperature of the balance room. Shortly 
before weighing open the tubes for a momoit to allow equalisation of air. Note the 
thermometer and barometer readings. Connect the tubes with the apparatus and test 
the tightness of the joints by dosing (A) at the bottom, opening all the cocks, starting 
the aspirator, and observing (P), in which the liquid should soon come to a standstill. 
Then disconnect the aspirator, dose (B), remove (F), put in the substance, using 
about 1 gram of sodium carbonate or calcium carbonate or about 2 grams of baking 
powder, connect (F), and start the condenser (G). Introduce 50 cc. of 10 per cent 
hydrochloric add through (D), lifting (E) slightly and allowing only small quantities 
of the dilute acid to enter at a time. Light the burner under (F), heat to boiling and 
reduce the flame to keep the liquid just at the boiling point. If no more air passes 
(P), start the aspiration. When the water stops running from (5), open (B) carefuUy 
and adjust the outflow of the aspirator by raising or lowering the syphon to one-half 
the safe speed. 

After (Af ) has become cool increase the current to the full safe speed and aspirate 
altogether 3 liters, continuing boiling to the end of the aspiration. Alter the tubes 
have assumed the temperature of the balance room, open for a moment and weigh. 
When extreme accuracy is desired, note again the thermometer and barometer read- 
ings and apply correction according to the following formula: 

- (A« - A») X T and -h (B« - B>) X B in which 

A> « the temperature at first weighing in degrees C; 
A' ^ the temperature at second weighing in degrees C; 
B* IB the barometric pressure at first wdghing in mm.; 
B* » the barometric pressure at second weighing in mm.; 

T and B are constants found from the following formulas: 

T « V X 0.0000039 gram; 

B « V X 0.0000015 gram in which 

0.0000039 - change in wdght of 1 cc. of air for l^'C; 
0.0000015 — change in wdght of 1 cc. of air for 1 mm. pressure; 

and the value of V is obtained from 

G F G-hF 

2.7 2.0 8.5 ' 

representing the differential vohime affected by temperature and pressure and being a 
constant for the tubes and in which 
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G » the weight of the empty tubes; 

F « the weight of the fillings; 
2.7 * the specific gravity of glass; 
2.0 ^ the specific gravity of filling; 
8.5 ~ the specific gravity of brass; 

G F 

— -!-—«= volume <^ tubes and fillings; 

— -—— « volume of brass weights. 
8.5 

9 KBSIDUAL CASBON DIOXIDE— OTVICIAL. 

Weigh 2 grams <^ the baking powder into a flask suitable for the subsequent deter- 
mination of carbon dioidd, add 20 cc. of cold water and allow to stand 20 minutes. 
Place the flask in a metal drying ceU surrounded by boiling water and heat, with occa- 
sional shaking, for 20 minutes. 

To complete the reaction and drive off the last traces of gas from the semi-solid 
mate, heat quickly to boiling and boil for a minute. Aspirate until the air in the flask 
is thoroughly changed, and determine the residual carbon dioxid by absorption, as 
directed under 5 or 8. 

The process described', based on the methods of McGill^ and Catlin', imitates as 
far as practicable the conditicms encountered in baking, but in such a manner that 
concordant results may be readily obtained on the same sample and comparable results 
on different samples. 

10 AVAILABLE CABBOK DIOXID.-^TVICIAL. 
Subtract the residual carbon dioxid from the total. 

11 ACmiTY.— OWKIAL. 

(For cream of tartar and its substitutes.) 

Dissolve 1 gram <^ the sample in hot water and titrate with N/5 potassium hydroxid, 
using phenolphthalon as an indicator. 

12 TARTABIC ACm, FRBB OR COMBIUBD*.— TXKTAITVB. 

(Applicable in the presence of phosphates.) 

Shake repeatedly about 5 grams of the sample with about 250 cc. of cold water in 
a flask and allow the insoluble portion to subside. Decant the solution through a 
filter and evaporate the filtrate to dryness. Powder the residue, add a few' diop3 of 
1 per cent resordn solution and about 3 cc. of strong sulphuric add and heat slowly. 
Tartaric acid is indicated by a rose-red color which is discharged on dilution with water. 

13 TOTAL TARTABIC ACID.— OFnCIAL. 

(Api^cable only in the absence of aluminium salts, calcium salts and phosphates.) 

Into a shallow 6 inch porcelain dish weigh out 2 grams of the sample and suflicient 
potassium carbonate to combine with all the tartaric acid not in the form of potassium 
bitartrate. Mix thoroughly with 15 cc. of cold water and add 5 cc. of 99 per cent 
acetic acid. Stir for 30 seconds with a glass rod bent near the end. Add 100 cc. of 
95 per cent alcohol by volume, stir violently for 5 minutes, and allow to settle at least 
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30 minutes. Filter on a Goooh crucible with ' a thin layer of paper pulp and wash 
with 95 per cent alcohol by voflume until 2 cc. of the filttate do not change the color 
of litmus tincture diluted with water. Place the precipitate in a smaU casserole, dis- 
solve in 50 cc. of hot water and add N/5 potassium hydroxid, leaving it still strongly 
acid. Boil for a minute. Finish the titration, using phenolphthalein as an indicator 
and correct the reading by adding 0.2 cc. One cc. of N/5 potassium hydroxid, under 
the above conditions, is equivalent to 0.02641 gram of tartaric anhydrid, 0.03001 gram 
of tartaric acid, or 0.03763 gram of potassium hitartrate. Standardize the N/5 potas- 
sium hydroxid by means of pure potassium bitartrate. 

« The accuracy of this method is indicated by the agreement of the percentages of 
potassium bitartrate in cr^am of tartar powders containing no free tartaric acid, obtained 
by calculation from the tartaric acid, with those obtained by calculation from the 
potassium oxid\ 

FREE TARTARIC ACID. 

14 ' Qualitative Test.— Official. 

Extract 5 grams of the sample with absolute alcohol and evaporate t)ie alcohol from 
the extract. Dissolve the residue in dilute anunonium h>droxid, transfer to a test 
tube, add a good sized crystal of silver nitrate and heat gently. Tartaric acid is indi- 
cated by the formation of a silver mirror. If desired, the absolute alcohol extract 
may be tested as directed under 12. 

'4b. ' ' ■' ' 1 . . • 

15 Quantitative Method. — Official. 

Calculate the percentage of tartaric anhydrid combined with the potash as bitar- 
trate, if any, and subtract ibis from the percentage of total tartaric anhydrid. The 
difference is the tartaric anhydrid originally edd< d as the free acid« .although, if the 
sample has been kept for a long time or has been improperly stored, a portion or all 
of this acid may exist at the time' of analysis as the sodium salt resulting from the 
reaction in the can with the sodium bicarlonate. Multiply by 1.137 to obtain the 
percentage of tartaric acid. 

16 POTASSIUM BITARTRATB.^-onnCIi!L. 

If, as is usually tl^e jp9^ potAsi^um bitartr^t^ is the only j[)o|as8ium salt present, 
multiply the percentage of total potash, determined as directed under 24, by 3.904. 

» i 

STARCH. 



17-. Dit^t IvmriUm Melhod.^QffiML. 

(For all baking powder ingredients free tvoixi lime.) 



'^ 'Weigh 5 grams of the powder into a 500 cc. graduated flask and proceed as directed 
under VII, 59. 

18 Indirect Method',— Official. 

(For phosphate, alum ixhospbate and all other baking powders contaUiing lime.) 

'" Mix 5 'grams of the powder with 200 cc. of 3 per cent hydrochloric acid in a 500 cc. 
'graduated flask and allow the mixture to stard for an hour, with frequent shaking. 
^Filter on an 11 cm. hardened filter, taking care that a clear filtrate is obtained. Rinse 
the flask once without attempting to ren:ove all the starch, and wash the paper twice 
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with cold water. CareftilTy wa^b the starch' from' the paper back into the flask with 
200 cc. of water. Add 20 cc: of 25 per eent hydrodiloric acid and proceed as dire<ct»d 
under VII, 59. ' 

The treatment with 3 per cent hydrochloric acid, without dissolving the starch, 
removes effectively the lime, which otherwise would be precipitated as tartrate by the 
alkaline copper solution. 

19 * Modified McGiU Method^— Tenlaiive, 

Digest 1 gram of the powder with 150 cc. of 3 per cent bydrocblonc acid for 24 hoiirs 
at room temperature, with occasional shaking. lUter on a Gooch crucible, waish 
thoroughly with cold water and then once each, with alcohol and ether. Dry at llO^^C. 
(4 hours is usually sufficient), cool and weigh. Burn off the starch, weigh again and 
determine the starch by difference. 

The results by iJiis method on cream of tartar powders and tortario acid powders 
agree closely with those obtained by copper: reduction. On phosphate, alum and alum- 
phosphate powders the results are usuaUy satisfactory, but in some instance^ they may 
be over 2 per cent too high. 

ALUM IN THE PRB8KNCB OF PHOSPHATES*. 

20 Qualitative Test.—Official 

- * • 

(a) In baking powder. — Btim about 2 grams of the sample to an ash in a porcelain 
dish. Extract with Mling water and filter. Add to the ^trate a few drops of ammo* 
nium chlorid solutiop. A flocculent precipitate fndfcates alum. 

(D) In cream of (artar. — Mix about I gram of the sample with an equal quantity of 
sodium carkonate, bum to an ash and proceed as in (21)'. 

21 nrsoLUBLB ash ahq wmxPMjuxion ov souition.— official. 

Char 5 grams, of the sample. ia a plaMnum dish at a heat.belqifr redness. BoiJh the 
carboaaoeous mass with dilute hydrochloric aoid, filter ii^to a 500 .cc« graduated Qfud^ 
and wash tHtb hot wafer. Return the residue* together with the paper, to the platinum 
dish and bum to a white ash. Boil again with hydrochloric acid, filter, wash, unite 
the 2 filtrates and dilute to 5QQ cq.. ...,,., 

Incinerate the residue after the last fiJtration and determine the ash insoluble in acid. 

■» ' • • 

22 IRON and ALnttmnrM.--oFPtctAL. 

• . . "I-: 

Draw a lOO cc. aliquot of the sohition, prepared as ditected under 21, and separate 
silica, if necessary. Mix the solution with sodium phosphate solution in excess. Add 
ammonium hydroxid until a permanent precipitate is obtained, then hydrochloric acid, 
drop by drop, until the precipitate is dissolved. Heat the solution to about 50°C., 
mix wHh a considerable exoess of 50 per cent anunonium acetate solution and 4 cc. of 
80 per cent aoetic aeid. 

As soon as the precipitate of aluminium phosphate, mixed with iron phosphate, has 
settled, collect on a filter, wash with hot water, ignite and weigh* 

Fuse the mixed phosphates with 10 parts of sodium carbonate, dissolve in dilute 
sulphuric acid, reduce with zinc and determine the iron by titration with a standard 
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permanganate solution. In the same solution determine tiie pboqphoric add, as 
diiected under I, 6 or 9. To obtain tlie weight of alumina (AliQt), subtract the sum 
of the weights of ferric oxid (FeiOt) and phosphorus pentoxid (PiOc) from the weight 
of the mixed phosphates. 

23 CALCIUM.— OFFICIAL. 

Heat the combined filtrate and washings, obtained as directed under 22, to 50°C 
and add an excess of ammonium oxalate solution. Allow to stand in a warm place 
until the precipitate has settled, filter, wash the precipitate with hot water, dry, 
ignite over a Bunsen burner and finally over a blast lamp. Cool in a desiccator and 
weigh as calcium oxid. 

24 POTASSIUM AHD SODIUM.-OFnCIAL. 

Evaporate an aliquot of the solution, prepared as directed under 21, nearly to 
dryness to remove the exoess of hydrochloric add, dilute and heat to boiling. While 
still boiling add barium chlorid solution as long as a predpitate forms and then enough 
barium hydroxid sohiticm to make the liquid strongly alkaline. As soon as the pre- 
cipitate has settled, filter and wash with hot water, heat the filtrate to boHing, add 
su£Bdent ammonium carbonate solution (1 part of ammonium carbonate in 5 of 2 per 
cent ammonium hydroxid solution) to predpitate aU the barium, filter and wash with 
hot water. Evaporate the filtrate to dryness and ignite the residue below redness to 
remove ammonium salts. Add to the residue a little water and a few drops of anuno- 
Ilium carbonate solution. Filter into a tared platinum dish, evaporate, ignite below 
redness and weigh the mixed potassium and sodium chlorids. 

Determine potassium in the mixed chlorids as directed under I, 45, beginning with 
'^Digest the residue with hot water, filter through a small filter". Calculate the potas* 
slum so found to its equivaloit oi potassium chlorid and subtract this from the weight 
of the mixed chlorids to obtain the weight of sodium chlorid. 

25 PHOSPHORIC ACII>.-^inCIAL« 

Mix 5 grams of the sample with a little magnesium nitrate sohition, dry, ignitef 
dissolve in dOute hydrodiloric acid and dilute the solution to a definite volume. In 
an aliquot of the solution determine phosf^ric add as directed under I, i or 9. 

2i SULPHURIC Acn>".— ovnciAL. 

Boil 5 grams of the sample gently for 1.5 hours with a mixture of 300 cc. of water 
and 15 cc. of concentrated hydrochloric acid. Dilute to 500 cc., draw oiF a 100 oc. 
aliquot, dilute considerably, predpitate with 10 per cent barium chlorid solution, filter 
the precipitated barium sulphate on a Goocfa, wash with hot water, dry, ignite and weigh. 

27 AMMOmA.--OFnCIAL. 

Introduce 2 grams of the sample into a distillation flask, add 300--400 cc. of water 
and an excess of sodium hydroxid solution, connect with a condenser and distil into a 
measured amount of standard add. Titrate the exoess of add in the disti late with 
standard alkali, using methyl red or cochineal as an indicator. 

Ammonia alum is often an ingredient of cream of tartar substitutes and baking 
powders, and ammonium carbonate is occasionally present in baking powders. 
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IJU3>^ 

Method I. Cohrimetric Meihod^K^TenkUwe. 

(ApplicaMe m the absence of ahnn and phoqthates. A^ppnudmate method for 

fNreliiBiiiary worii.) 

28 REAGENTS. 

(Lead-£ree reagents must be used throoghoot all operations.) 

(d) Sodium hisulphiie solulion. — Dissolve 10 grams of anhydrous sodium carbonate 
in sufficient water to make 100 cc. and pass sulphur dioxid into the solution until carbon 
dioxid is no longer evolved. Dilute a little of this solution with 10 volumes of water 
as needed in the determination. 

(b) PoUuMwm eyanid iolution, — Dissolve 10 grams of the salt in sufficient water to 
make 100 cc. 

(C) Standard lead mUuiion. — Dissolve 1.6 grains of crystaUised lead nitrate, pre- 
viously dried over sul|^uric add, in a liter of water containing a few drops of dilute 
nitric acid. One cc. of this solution is equivalent to 1 mg. of metallic lead. Dilute 1 cc. 
of this solution to 100 cc. immediately before use in making up the color standards. 

(d) Leodrfree tartrate 8olatio¥u — Dissolve 200 grams of tartaric acid in about 500 cc* 
of hot water, cool, add 40 cc. of the sbdium bisulphite solution, heat to incipient boiling 
and test a few drops of the solution with potassium thiocyanate solution to ascer- 
tain if all the iron is reduced to the f enous state, repeatmg the treatment with about 
10 cc. of the sodium bisulphite solutioii in case ferric iron is still piesent. Go(J, add 
20 cc. of the 10 per cent potassinm eyanid sofotion, and then strong ammonium 
hydroxid sohition untO the sohrtion is distiiietly alkaline to litmus paper. Boil until 
the solnlion is dear, cool, add 2 cc. of freshly prepared, colorless ammoninm su^shid 
solution, dilute to 1 liter and attow to stand ovemi^t. Filter to remove the predpi* 
tated sidphids, boil the filtrate until hydrogen sulphid is removed, cool and dilute to 
1 liter with water. 



29 



PREPARATION OP SOLUTION. 



(a) Baking powder. — ^Weigh 20 grams of the sample into a 250 cc. casserole, add 
water a little at a time with stirring untfl foaming ceases, then hydrochloric add (1 to 1) 
a little at a time until all the oarboaate is decomposed and finally 5 cc. excess of the 
hydrochloiic add. Cover with a watch glass and digest on a steam bath until all the 
starch is hydrolysed as shown by testing 1 or 2 drops of the mixture with iodin. Filter 
through a folded filter and wash the filter several times with small portions of hot water. 
Treat the residue on the filter with severs! small portions of hot nitjic add (sp. gr. 
1.2), collect the acid solution in a separate, small porodain dish, evaporate this solu- 
iioD to dryness on a water bath and expd nitric add by several treatments and evapora- 
tions with a few drops of concentrated hydrochloric add. Rinse the contents of the 
dish through a small filter into the main solution and make up to 100 cc 

(b) Tartaric acid and cream of tartar. — Dissolve 100 grams of the sample in hot 
water, add 50 cc. of hydrochloric add (1 to 1), filter into a liter graduated flask and 
wash the filter several times with water. Then treat the residue on the filter with several 
small portions of hot nitric acid (sp. gr. 1.2), coUect the acid solution in a separate, 
small porcelain dish, evaporate this solution to dryness on a water bath and expd 
nitric add by several treatments and evaporations with a few drops of concentrated 
hydrochk»io acid. Rinse the contents of the dish through a small filter into the main 
solution, finidly diluting the combined filtrates and washings to 1 liter. 
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30 DETERMIfilATION. 

Introduce 50 cc. of the solution, prepared as directed utader 29, into a beaker, add 2 
cc. of the aodium bisulphite solution, heat to inci|Ment boiling, and teet a few drops of 
the solution with potassium thiocyanata to determine if all the iron is reduced to the 
ferrous state, repeating the treatment with the sodium bisulphite solution if ferric iron 
is still present. Cool, add 1 cc. of the 10 per cent potassium cyanid solution and 
neutralize to Ikmus with strong ammonium hydroxid solution; finally add an excess 
of 1 cc. of the last reagent. Boil gently until clear and colorless, cool and make up to 
100 cc. Treat with 2 drops of freshly prepared, colorless ammonium sulphid solution, 
mix and compare in a colorimeter with standard solutions, prepared by adding mea- 
sured amounts of the standard lead solution to 50 cc. of the lead-free tartrate solution, 
diluting to 100 cc. and treating with 2 drops of freshly prepared colorless ammonium 
sulphid solution. 

The fined comparison should be made with a standard containing approximately the 
same amount of lead, and th^ addition of ammonium sulphid solution should be made 
to the standards and the solution of the sample at the same ttme^ as the colors change 
on standing. 

.31 Meihod II.— Tentative, 

(Applicable to alum or phosphate baking powders or their ingredients.) 

Weigh 100 grams of the sample into a 1.3 liter beaker and add an excess of hydro- 
chlorio a€id.(l to 3) in small portions, keeping down excessive frothing with a little 
ether. Heat the mixture on a steam bath until the starch is hydrolyzed and the solu- 
tion is quite limpid. Cool and add 200 oc» ol 50 per cent lead*free ammonium citcate 
solution* Place the beaker in a bath of cold water and add carefully ammonium 
hydroxid solution, in small portions with constant stirring, until the mixture is alkaline. 
If a precipitate fonhs, add sufficient ammonium citrate solutioo to dissolve it. Then 
add 15 cc. of saturated mercuric chlorid solution, dilute the mixture to about 1200 cc., 
saturate with hydrogen sulphid, and allow to stand until the precipitate has settled 
(15-20 minutes). Filter and wash the precipitate wi\h hydrogen sulphid water. Plaee 
the paper and precipitate in a small casserole, add 10 cc. of concentrated nitric acid 
and 2 cc. of concentrated sulphuric acid and heat 6n a hot plate tintil the mixed adds 
have been slowly driven off. Heat the residue in a nmfDe at low redness until the 
mercury salts have volatilized. Cool the casserole and leach theresidfie several times 
with 25 per cent ammonium acetate solution, made slightly alkaline with ammonium 
hydroxid, pass the leachings through a small filter into a beaker and filially^ waah the 
residue and filter 't»iper Wil^ a little hot water. Acidify the oomblnecl fkrSte and 
washings with ac^ic acid, add an- excess of potassium dichromate sohition and allow 
to stand o\-eml;ght. Filter on a tared Gooch\'wa8h with water, dry for 30 nAtnites at 
125"-150''C., cool and weigh as lead chr^nViate. Calculate the weight of metaHie lead, 
using the factor 0.641. Conduct a blank determination upon all the reagents and 
correct the result accordingly. 

32 Method II L—TenMive. 

(Applicable in the absence of alum and phosphates.) 

Weigh 100 grams of the sample into a liter beaker and add an eitcess of hydrochloric 
acid (1 to 3) in small portions, keeping down excessive frothing with a little ether. 
Heat the mixture on a steam bath until the starch is hydrolyzed and the solution is 
quite limpid. Cool, add ammonium hydroxid solution until distincUy alkaline, dilute 
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tou about 800-900 ea atfd'satunite' with hycbrogen ^ulphid, AUow the mature to ^tand 
for ^-4 houiB or until the preoipitate. has settle^* 4h«r on a 12.5 cm. cjos^textur^ 
paper and wash the precipitate several times with hydrogen sulphid water^ Pja<<§ the 
filter p^per and preci^tate in a 100 cc. EJrt^niiieyer-. fl^sk, add 5 cc. of copc^trated 
sulphuric e^dd and. 5 cc of cpncentrated nitric acid and heat on a hot plate, with occa- 
sional additions of small .portions of concentrated citric acid, until the mixture no longer 
blackens when evaporated to the point at which white fumes of sulphur trioxid appear. 
Cool, dilute with 20 cc. of water, warm until the ferric sulphate goes into solution, cool 
and then add 40 cc! of 95 per cent alcohol by volume. Allow to stand overnight, filter 
on a Gooch and wash with 95 per cent alcohol. Dissolve the lead sulphate remaining 
on the filter by washing with 20 cc. of 25 p6r cent ammonium acetate solution, rendered 
slightly alkaline with ammonium hydit»iid, collect the filtrate in a small beaker, passing 
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PIG. M. APPARATOB^FOil BUBCTROLYTIG DETERMINATION OF. LEAJ>. 



WIrfaig Diagrame: 
A samiaetflr. 
B = depoflition bath. 
C ±=awitcb. 
R = variable rheostat. 
S = variable shant. 



Depoflilioii Bath: 
a = anode (plate), 
b = bealier. 
c =3 cattuMle (apiraU. 



DeCafls of Eleclt«dea: 
SDiral = 30 cm. of No. 22 wire. 
iMate = foil — 25 min. square. 



it through the filter 3 or 4 times. Finally wash the filler with hot water, acidify the 
combined filtrate and washings with aixrtae add, add an ezoess of potassium dicbromate 
solution and allow to stand overnight. Filter on a small, tared Goooh, wash, dry for 
30 minutes at 126'^150''C. and weigh as lead chromate. Caloolate the metallic lead, 
using the factor O.Ml. 



Electrolytic Method, — Tentaiive. 
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APPARATUS. 



(a) Anode. — Weld a piece of platinum wire 1-2 cm. long to a piece of platinum foil 
25 mm. square, the free end of the wire being fused into a glass tube as shown in Fig. 14. 



K 



288 METHODS or ANA1.YSIS [XXVII 

By partly filling the tube with mercury and inaerting the wire from the circuit, contact 
is made with the anode. Test the platinum-glaas joint to make sore that no mefcury 
can leak through. 

(b) Cathode, — Fuse one end of a piece of No. 22 platinum wire 30 cm. long into a 
glass tube in the same manner as described in (d), and wind the wire into a flat coil 
30 mm. in diameter, the plane of the coil to be perpendicular to the axis of the glass 
tube as shown in Fig. 14. 

(C) A Mource of direct current with a potential of at least 6 volts, which may be varied 
by means of a rheostat or shunt resistance, as indicated in Fig. 14. 

(d) ADC ammeter graduated at least to 0.1 ampere divisions and having a range 
of 0-5 amperes. Place in dxcuit as shown in Fig. 14. 
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DETERiaNATIOrf. 



Place 100 grams of baking powder in a tall 500 oc. beaker. Slowly add 75 cc. of 
concentrated hydrochloric add (sp. gr. 1.18), stirring continuously. The acid must 
not be added so fast that the mixture foams over the top of the beaker. A thick paste 
results, to which add 75-100 cc. of luke warm water, slowly with stirring. When the 
action has ceased, place on a steam bath and warm until the starch is completely 
hydrolyzed, as indicated by a negative reaction when a drop of the mixture is tested 
with ioctin reagent. Upon completion of the hydrolysis add concentrated ammonium 
hydroxid carefully from a burette until the first trace of permanent precipitate b formed, 
then add 5 cc. of concentrated hydrochloric acid (sp. gr. 1.18) and make up to 400 cc. 
with water. Warm if necessary to completely dissolve the precipitate. The mixture 
is then ready for electrolysis. 

Insert the cathode in the solution till the spiral is about 2 cm. from the bottom of the 
beaker, then insert the anode above the cathode so that there is 1 cm. between the 
spiral and the plate. The electrodes may be conveniently supported in the proper 
position by ringstand and clamps. The temperature during dectralysis should be room 
temperature or higher, but must not exceed 50°G. Connect the electrodes to the 
circuit and with the full resistance in the electrolysing circuit, dose the switch. (With 
the variable rheostat type the total resistance must be large enough to cut the curr^it 
down to approximatdy 0.1 ampere.) Adjust the resistance so that the ammeter shows 
0.3 ampere flowing. Electrolyse for 8 hours or overnight**. 

Upon completion of the electrolysis, considerable quantities of salts will lipeopittitiy 
be found adhering to the lead deposit on the cathode. Carefully remove the beaker 
without jarring the electrodes, while the current is still on. Replace this beakw imme- 
diatdy by one of the same size, full of water to which 2 cc. of concentrated hydrochloric 
acid has been added. Allow the current to run until the salts have been removed from 
the dectrodes, then without interrupting the current replace the beaker with one full 
of water and continue the current for 30 minutes. 

Remove the beaker of water, open the switch, and wash the cathode in a 50 cc. 
beaker containing suffident alcohol to cover the lead depodt. Dry in air, and dissolve 
the lead from the cathode with 3^ cc. of concentrated nitric add in a 50 cc beaker, 
heating gently to aid solution. Wash the cathode with dilute nitric add (1 to 10) 
adding the washing to the add solution. Evaporate the contents of the beaker to 
drive off excess of nitric add, being careful not to over-heat. Warm the residue with 
20 cc. of 20 per cent acetic add, add 2 cc. of 50 per cent sodium acetate solution, filter 
and precipitate the lead with 2 cc. of saturated potassium dichromate solution. Allow 
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to Stand overnight, filter on a tared Gooch, wash with water, dry for 30 minutes at 
125°C., oool and weigh as lead chromate. Multiply the weight of lead chromate by 
0.641 to obtain the weight of |ead. 

35 AKSBNIC— TBHTATIVK. 

Introduce 5 grams of the sample directly into the generator described under XI, 2 
(Fig. 5), add 10 cc. of water, a little at a time to prevent foaming over, and then 15 cc. 
of concentrated, arsenic-free hydrochloric acid, introducing it drop by drop until foam- 
ing ceases. Heat on a steam bath until a drop of the mixture, when diluted and treated 
with iodin solution, shows no blue color. Then dilute to about 30 oc. with water, add 
4 cc. of potassium iodid solution and ocmtinue from this point as directed under XI, 4, 
beginning with "Heat to about 90*^0.", except that the blank and the standards foi 
comparison are made by the use of the arsenic-free hydrochloric acid of the same 
concentration as that used in the determination. 
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XXVm. DRUGS. 

CaFFBIN Aim ACSTANIUD IH- MIXTURES. 

1 PREPARATION OF SAMPLE AND SOLUTION.— TENTATIVE. 

t 

(a) If the fiainple is already in powder form, rub thoroughly in a mortar and keep 
in a tightly corked tube or flask. Powders in paper, cachet or capsule containers are 
frequently of such fineness as to reqane little further trituration except to produce a 
uniform product. On a tared 5.5 cm. filter wdgh 0.3-0.5 gram of the sample or, if 
preferred, an amount equal to, or a multiple of, the average unit dose (previously 
ascertained by weighing collectively 20 or more such doses), wash with successive 
5-10 cc. portions of the chbroform (30-50 cc. are usually suffident) until the extraction 
is complete as indicated by the absence of any residue after evaporation of a smaU 
portion of the last washing. Collect the solution in a 200 cc. Erienmeyer flask, connect 
the flask with a condenser by means of a cylindrical Kjeldahl connecting bulb' and 
distil until the volume is reduced to about 10 cc. 

(b) If the caffein is present in the citrated form, or the composition of thie mixture 
precludes complete extraction as directed in (8), weigh out the desired annount, tranfer 
to a Squibb separatory funnel, add 50 cc. of the chloroform and 20 cc. of water, shake 
vigorously * and, after clearing, draw off the lower layer through a small, dry filter 
into a 200 cc. Erienmeyer flask. In the case <^ coated tablets and pills, aaoe^taki their 
average weight, powder in a mortar and weigh out for each determination an 'amount 
equivalent to one or more tablets or pills. Repeat the extraction twice, using 50 cc. 
portions of the chloroform for each extraction. Any caffein-acetanilid mixture observe 
able about the apex of delivery tube of the separatory funnei, edge of filter and tip of 
funnel should be vety carefully recovered by judicious washing with chloroform, such 
washings being subsequently united with the main portion. Distil the combined 
chloroform extracts to about 10 cc. 

(C) In the case of dilute alcoholic solutfons, evaporate a measured quantity- on a 
steam bath until most of the alcohol has been expelled, or take an aliquot of theresidiie 
from an alcohol determination; transfer to a separatory funnel by pouring and rinsin^^ 
with a minimum of water so that the final volume does not greatly exceed 20 cc., and 
then, in order to avoid any loss of acetanilid by hydrolysis during evaporation, add a 
little solid sodium bicarbonate and a drop of acetic anhydrid. (Should the preparation 
contain alkaloids, acidify with a few drops of dilute sulphuric acid immediately after 
acetylization to retain such basic material in the aqueous solution.) Add 50 cc. of the 
chloroform, shake vigorously, and, after clearing, draw off the chloroform layer through 
a filter into a 200 cc. Erienmeyer flask. Repeat the extraction twice, using BO cc. 
portions of the chloroform for each extraction, and distil the combined chloroform 
washings to a vohime of about 10 (%. 

CAFFEIN AND ACBTANiLID.— TBNTATIVB. 

2 AEAGENTS. 

(a) Standard bromid-bromaU solution, — Dissolve 50 grams of potassium hydroxid iii 
a small quantity of water, add a slight excess of bromin, dilute with water to dissolve 
any separated salts, boil to expel excess of bromin and dilute to 1 liter. Standardize 
the solution against recrystallized and dried acetanilid and adjust the solution so that 
1 cc. is equivalent to 5 or 10 mg. of acetanilid as desired. 

291 



292 METHODS OP ANALYSIS [XXVIII 

(b) Chloroform, — ^Redistilled and residue-free. All oorks used in the dtstiliation 
should be treated previously with chloroform. 

(C) Wagner's reagent. — Dissolve 2 grams of iodin and 6 grams of potassium iodid in 
a minimum amount of water and dilute to 100 cc. 

3 CAIfXm.— TBHTATIVB. 

Treat the chloroform extract, obtained in 1, with 10 cc. of sulphuric acid (1 to 10) 
and digest on a steam bath until the contents of the flask are reduced to 5 cc. Add 
10 cc. of water and continue the digestion until the fiqaid is again reduced to 5 cc., 
then cool and transfer to a.separatory funnel with a minimum of water, ao that the 
final volume does not greatly exceed 20 cc. Add 50 cc. of the chloroform, extract in 
the usual way and, after clearing, withdraw the lower layer through a small, dry filter 
into a 200 cc. Erienmeyer flask. Repeat the extraction with two 50 cc. portions of 
the chloroform. Distil the combined extracts down to about 10 cc., finally transferring 
the residual liquid, by washing with chloroform, to a tared beaker or crystallising dish. 
Allow the aohiticm to evaporate spcmtaneously, or by gentle heat and an air faJast, to 
apparent dryness. Cool and allow to stand in the open until the weight becomes 
constant. 

Chloroform extracts in addition to caffein and aoetanilid certain oils, fats, waxes, 
resins, pigments and other substances from those preparations which contain powdered 
dnnamon, celery seed, ginger or other vegetable products. These appear either in 
suspension or solution after the caffein-«cetanilid mixture has been digested and con- 
taminate the caifein. Remove any suspended impurities by fiheiing through a smaU, 
moisteiied filter immediately after hydrolysis and prior to extraction with chloroform. 
Should the recovered caffein be deeply colored or contaminated with foreign matter, 
purify it as follows: Dissolve in very dilute sulphuric acid (about 5 cc. of N/6 acid for 
every 100 mg. of caffdn), filter, if necessary, through a moistened filter, add 15-20 cc. 
of Wagner*s reagent, sui&Gient at least to dirtinctly color the supernatant liquid a 
deep claret, stir and allow to stand an hour, preferably in a refingerator. Filter and 
wash the periodid with a few cc. of iodin sohitbn, transfer both filter and precipitate 
to a separatory funnel, using not more than 20 cc. of water, decolorise with a crystal 
of sodium thiosulphate, then extract with three 50 cc. portions of chloroform and 
proceed as directed above. 

4 ACBTANIUD.— TBITTATIVB. 

Transfer the solution of aniUn sulphate, remaining in the separatory funnel in 3, 
to the Erlenmeyer flask used in effecting hydrolysis, then heat 10 minutes on a steam 
bath to expel all traces of chloroform. Wash the filter, used in the preceding operation 
to dry the chloroform solution of caffein, with 5 cc. of water, adding the latter to the 
main solution of anilin sulphate. Add 10 cc. of concentrated hydrochloric acid, then 
titrate with the standard bromid-bromate solution until a faint yellow coloration 
remains, rotating the flask sufficiently to agglomerate the precipitated tribromanilin. 
Calculate the quantity of acetanilid from the number of cc. required to complete the 
precipitation. 

Caffein and aoetanilid are the 2 principal ingredients of the preparation known 
as "acetanilid compound", a further constituent being sodium bicarbonate. The latter 
appears as the chloroform-insoluble residue and may be determined by titrating such 
residue, or one obtained by titrating a portion of the original mixture, with standard 
acid, using congo red as an indicator. The bicarbonate may also be determined by 
igniting the original sample, or the chbroform-insoluUe residue, with sulphuric acid 
and weighing the resulting sodium sulphate. 

Should the **acetanilid compound** oe combined with sodium bromid, the latter, in 
the absence of other halides, may be determined volume trically by the Volhard method 
(II, 17). 
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CAIfXm AHD ACBTPHBHBTIDIN (PHBH ACBTED IK IComnUIS. 

5 PKBPARATIOH OP SAMPIB AND SOLDTIOH.— TXNTATIVB. 

In the case oC preparatioiu containing ace^ihenetidin' instead of acetanilid, but 
otherwise identical, make the gross separation of the caffein-acetphenetidin mixture 
as directed under 1. 

6 CAFFBIN.— TBNTATIVB. 

Treat the chloroform extract, obtained as directed under 1, with 10 oc. of sulphuric 
add (1 to 10) and digest on a steam bath until the liquid is reduced to about 6 co. 
Dilute with 10 oc. of water and continue the digestioo untfl the volume is Bgm reduced 
to 5 cc., again add 10 cc. of water and continne heating until the residual liquid amounts 
to 8-10 cc. If, during the digestion, particles of acetphenetidin remain on the sides 
of the flask, rinse them into the section with a few drops of chloroform. 

Great care must also be given to the degree of evaporation. Should the aqueous- 
acid solution and suspension of caffein-acetphenetidin oe concentrated far be^nd the 
limits indicated, more or less phenetidin sumhonate is likely to be formed, wmch later 
resists acetylization and conversion to acetpnenetidin. 

. Cool and transfer with water to a separatory funnel, so that the final volume does 
not greatly exceed 20 cc. Then proceed as directed under 3. 

7 ACBTPHBRSTIDni.— T8FTATIVB. 

Wash the filter, used to dry the chloroform in 6, with 6 cc. of water, receiving the 
latter in the separatory funnel containing the solution of phenetidin sulphate. Treat 
with successive small pcwtions of solid sodium bicarbonate until, after complete neu« 
tralisation of free add, an excess of the former remains at the bottom of the mixture. 
Add 50 oc. of ehloroform and, for every 0.10 gram of acetphenetidin known or believed 
to have been i^eseot, 5 drops of acetic anhydrid; shake vigorously, allow to clear, 
then withdraw the chkMofcNrm into a second separatory funnel containing 5 cc of water, 
^lake this mixture and, after clearing, pass the solvent through a small, dry filter into 
a 200 oc. Erienmeyer flask. Distil about 40 cc. of the chlon^orm, make up the 
distillate to 50 cc. with chloroform, add this to the material in the first separatory 
funnel and extract again. Withdraw the chloroform layer to the second separatory 
funnel wash and distil about 50 cc. (for use in the final extraction). Distil the chloro- 
fcMin down to about 10 cc., transfer with sufficient fresh solvent to a tared 50 oc. beaker 
or crystallizing dish, evaporate on the steam bath to apparent dryness, finally remov* 
ing any considerable excess of acetic anhydrid by repeated additions of 1 cc. of chloro- 
form and a drop of aloohoL The reformed acetphenetidin should finally appear as a 
whitish, crystalline mass with a faint, acetous odbr, which disappears completely on 
standing some hours in the open, or over lime in a vacuum desiccator. Weigh at 
intervals until the final weight differs from the preceding by not more than 0.5 mg 

Caffbin and AKTiFrRm m Mixrintss^ 

8 PKBPARATION OT SAMPLB AND aOLUTION.— TBRTATIVB. 

(a) Extract a weighed portion of the finely powdered sample on a filter with chloro* 
form to separate the caffein and antipyrin from the usual exdpients of tablet and pill 
combinations. Distil the greater part of the chloroform and evaporate the remainder 
on the steam bath. 

(b) In the case of alcoholic preparations, remove the alcohol from a measured 
amount of the sample by heating on a steam bath. Extract the residue with three 
50 cc. portions of chloroform in a separatory funnel. Distil the greater portion of the 
chlorolbrm and evaporate the remainder on a steam bath. 



294 METHODS OF ANALYSIS [XXVIII 

9 ANTIPTBIN.— TBNTATTVB. 

Transfer the residue, obtained in 8, which should weigh afcout 0.25 gram, to a 150 cc. 
separatory funnel by means of two 5 oc. portioDs of aloohol-free chlorofonn, foHowed 
by 10 oc. of water. Add 1 gram of sodium bicarbonate and 10-15 cc. of N/5 iodifi (or 
double the quantity of N/10 iodin), adding the latter in small poiftions and shaking 
the mixture vigorously after each addition. The iodjn should then be in excess of that 
required to convert all the antipyrin into the mono-iod derivative. If not, add a little 
more and shake the mixture again. Remove the free iodin with a small crystal of sodium 
thioaulphate and add 15 cc. of chloroform, shaking vigorously for 1 minute. After 
clearing, draw off the chloroform solution into a second separatory funnel, wash with 
5 cc. of water, fflter through a small, dry filter into a tared 50 cc. beaker and evaporate 
to apparent dryness on the steam bath, using an air blast. Repeat tiie extraction with 
two (three, if N/10 iodin is used) 25 cc. portions of chloroform, wash, filter and evapo- 
rate each portion as above. Recover any crystalline product separating about the tip 
of the delivery tube and funnel and edge of filter by judicious washing with chloroform. 
Dry the nearly oobrless, crystalline residue of caffein and iodantipynn 30 minutes at 
105°C., cool and weigh. Designate this weight as *'a". 

The use of alcohol-free chloroform in connection with the helogenation of antipyrin 
is necessary in order to preclude the formation of iodoform, the preaenoe of which in 
the composite residue (a) would vitiate the result. 

Dissolve the composite residue in 5 cc. of glacial acetic acid, add 10 cc. of saturated 
sulphur dioxid solution, then tranter with hot water to a 400-^500 cc. beaker until 
the final vokime amounts to about 200 cc. Add sufficient silver nitfate solution to 
precipitate all the iodin (about 0.3 gram of silver nitrate); then a few drops of nitric 
acid, heat nearly to boiling and stir to* agglomerate the silver iodid. Add 15 cc. of 
concentrated nitric add, cover the beaker with a wateh* ii^ass aAdboil gently for 5 
minutes. Filter by decantatlon through a tared Goodi, wash the precipitate once 
with a little alcohol, then with two 100 cc. portions of boiling water and finally transfer 
the iodid to the cracible» Wash several times with hot water and again with alcohol 
to remove traces of oiiganic matter, dry 30 minutes in an air bath at llO^C, cool and- 
weigh. The weight of silver iodid multiplied by 0.8012 gives the weight of antipyrin. 

10 CAFFEIN.— TENTATIVE. 

Calculate the quantity of caffein by multiplying the weight of silver iodid by 1.3374 
and subtracting the product from the weight "a" above. 

In the analysis of a mixture containing caffein, antipyrin, acetanflid and sodium 
salicylate, the following steps are essential in effecting a separation: (1) Extraction 
of caffein^ acetanilid and antipyrin with chloroform from the aqueous soda solutkiD; 
(2) Hydrolytic treatment with sulphuric acid of the 3 substances thus separated pre- 
liminary to the determination of caffein and antipyrin as directed under 9 and 10. 

Acetanilid and /cetphenetidin (Phenacetin) in Mixturbs'. 

acstphenetidin.— tentative. 

11 REAGENTS. 

(a) Purified iodin. — Dissolve 2 parts of resublimed iodin and 1 of potassium iodid 
in 1 of water, pour the clear solution into a large volume of water, filter and wash 
the finely precipitated iodin several times on a porous plate with water. Dry in the 
air and finally in a desiccator containing sulphuric acid where it is kept in a glass- 
stoppered weighing bottle. 

(b) Standard sodiwn thiosulphaie noluiion. — Dissolve 30 grams of crystallised sodium 
thiosulphate in water and dilute to 1 liter. Standardize this solution against the 
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purified lodin as follows: Weigh out about 0.3 gram of the imrified iodin in a small* 
glass capsule (about | iBch high and f inch in diameter), provided with a closely fitting 
glass cap or stopper, and place the capsule in a 200 cc. Erlenmeyer flask containing 
0.5 gram of potassium iodid dissolved in 1-2 oc. of water. After complete solution, 
dilute with 10 oc. of water and titrate with the sodium thiosulphate solution, using 
1 or 2 diope of starch solution aa an indicator. 

(C) SUwdard iodin solv^ion, — Dissolve 40 grams of potassium iodid in the least 
possible quantity of water, add 30 grams of the purified iodin and, after solution, 
dilute to 1 liter. Standardise 25 cc. of this solution against the standard sodium 
thiosulphate solution. 

12 ' DSrSBBilNATlON. 

(1) Place 0.2 gram of the acetphenetidin-acetanilid mixture in a 50 oc. lipped Erlen- 
meyer flask, add 2 cc. of glacial acetic acid, heat gently over a wire gauze to complete 
solution and dilnte with 40 cc. of water, previously wanned to 7(fQ, Transfer the 
clear ficfuid with two 10 cc, portions of warn (40°C.) water to a glass-stoppered, 
100 oc. graduated flask containing 25 cc. of the standard iodin solution wanned to 
40''C. Stopper, mix thoroughly by rotating the liquid, then add 3 cc. of concentrated 
hydrochloric aeid, continue rotating the liquid until crystallization begins and then set 
aside to cool. If the ratio of acetphenetidin to acetanilid is ecpial to or greater than 
unity, crystalKne scales wlO form almost immediately on the addition of acid. As the 
pfToportion of acetanilid incMses, however, the periodid tends to remain in the liquid 
state. In such cases, gentle agitation or rotation of the flask in water, wantied not 
to exceed 40°C., hastens the formation of crystals. When the contents of the flask 
are at room temperature, fill with water to within 2-3 cc. of the mark, mix thoroughly 
by rotating the mixture and allow to stand overnight. FUl to the mark with water, 
mix thoroughly, aMow to siand 30 minutes, filter through a 5.5 cm. dry, closely fitted 
filter intt) a 50 cc. graduated flask, rejecting, however, about 15 cciof the first run- 
nings but reserving them for the recovery of acetanilid. Transfer the 50 cc. aliquot 
to a 200 oc. Erlenmeyer flask and titrate with the standard sodium thiosulphate aolu- 
tkm. Calculate the amount of acetphenetidin from the following formula: 

Acetphenetidin « I (0.0806 X N) in which 

0.0806 *« tie quantity of acetphenetidin contained in 1 cci> of a normal 
solution of this substance; 
N — the normality of the standard sodium thiosulphate solution em- 
ployed; and 
I » the number of cc. of the standard sodium thiosulphate soUtion 
corresponding to the iodin combined with the acetphenetidin. 

The formula of the precipitated periodid, which . constitutes the basis for the above 
determinatioB, is (CtHiO.C«H4NH.COCH.i)sHI.l4. 

(2) Tho gravimetric determination of acetphenetidin may, if desired, be effected as 
follows: Filter off the periodid, preferably by suction, wash with 16-15- co. ^ the 
standard iodin solution, then transfer the precipitate together with the filtar, Ubewise 
any particles of the precipitate remaining in the graduated flask, to a separatory funnel, 
using not over 50 ca of water. Remove both free and added iodin with il few small 
crystals of sodium sulphite and extract the liquid with three 50 oc. pontioliB of chloro- 
form,- washing each portion subsequelitly into a second separatory funnel with 5 cc. 
of water. After washing and olearing, filter the chloroform solution through a dry 

' 5.5 cm. filter intO' a 200 cc. Erlendn^er flaak, distil most of the chloroform, transfer 
the residual solution (5-10 cc.)-, by means of a little chlorofcnm, toa small, tared beaker 
or crystallizing dish, evaporate to dryness on a steam bath, cool and weigh. 
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For the identification of aoetphenetldin, either alone or in admixture with aoetaniJUU 
the following test will be found of value*: To 1-2 mg. of the sample in a test tube add 
a drop of acetic add, 0.5 oc. of water and 1 cc. of N/10 iodin, warm the mixture to 
about 40^Cm then add a drop of concentrated hydrochloric add. If aoe^ihaietidin 
alcme is i^esent, its periodid separates almost immediately in the f<Min of reddish brown 
leaflets or needle-like crystals. If the sample consists largely of aoetanilid, the separa- 
tion takes place on cooling and shaking the liquid. In the presence €i considerable 
aoetanilid, the periodid first separates as minute, oily globules, which, on vigorous 
shaking, gradually become crystalline. This test is so delicate that as little as 0.6 mg. 
of acetphenetidin may, if alone, be detected in the form of its characteristic periodid. 

13 ACSTAIIILID.— miTATlVS. 

(1) If the combined weight of the acetpheneUdin-acetanilid mixture is known, 
determine that of the latter ingredient by difference; or (2), determine it directly from 
a second aliquot of the filtrate from the acetphenetidin periodid in 12 as follows: 

Pipette 25-^ cc. of the dear liquid into a separatory funnel, deooloriae with solid 
sodium sulphite and solid sodium bicarbonate in sli^t excess, add 1 or 2 drops of 
acetic anhydrid, then extract with three 60 oc. portions of chknoforai, passing the 
chloroform solution, when cleared, through a small, dry filter into a 200 cc. Erlen- 
meyer flask, and distil the chloroform, by the aid of gentle heat, to about 20 cc. Add 
10 cc. of sulphuric add (1 to 10) and digest on a steam bath until the rcaidue has been 
reduced one-half, add 20 oc. of water and oontinue the digestion for an hour; then add 
a second 20 cc pcwtion €i water and 10 cc. of concentrated hydrochloric add, titrate 
very slowly, drop by drop, with the standard bromid-bromate solution, 2 (a), until a 
faint yellow color remains. While adding this reagent, rotate the flask sufl&ciently to 
agglomerate the predpitated tribiomanilin. Calculate the amount of aoetanilid present. 



If the preparation contains caffein or antipyrin or both in addition to aoetanilid 
and aceplMmetidin, proceed as follows: ^ (1) Digest the mixture by heating with dilute 
sulphuric add to convert acetphenetidin and aoetanilid to phenetidin and anilin wl- 
phates, respectivdy; (2) Separate the caffein and antipyrin by extraction with chloro- 
form; (3) Re-form acetphenetidin and aoetanilid by treating the solution of the 
corresponding sulphates with solid sodium bicarbonate in slight excess, then add a 
few drops of acetic anhydrid and extract with chloroforms 

ACBTPHBUlllilill (PHBHACBTm) AHD SALOL 1H MIZTUBBS** 

ACBTPHBHBTIDIN. 

14 Acid HydrofysU Method,— Teniatue. 

Wdgh out on a tared 5.5 cm. filter an amount of the sample equal to, or a multiple 
of, the average weight €i a unit dose and wash with sufSdent successive, small pc^rtions 
of chloroform to extract completdy all acetphenetidin and salol pre s e n t in the mixture 
(about 40 cc.). Collect the solution in a tared, 100 cc. beaker and evaporate on a warm 
plate (SO^-OO^^C.) to apparent dryness, using an air blast. Let stand 24 bouts at room 
temperature to practically constant weight, then transfer the crystalline residue, by 
means of chloroform, to a 00 cc. lipped Erienmeyer flask, evaporate the solvent by 
means of an air blast and gentle heat, add 10 cc. of sulphuric add (1 to 10) and evapo- 
rate on the steam bath untfl the volume is reduced one-half. Add 10 oc. of water and 
continue the digestion as before, then add a second 10 cc. of water and evaporato to 
5 cc. Transfer the residue with about 20 cc. of water to a nnall separatory funnd and 
extract with 15, 10 and 5 oc. <tf chlorolorm, washing each extract with 5 cc. of water 
in a second separatory funnd to recover traces of phenetidin sulphate possibly dissolved 
by the chloroform, finally rejecting the latter since it contoins all the salol not previously 
eliminated during the digestion. 
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Add the wash water in the woond aeparatory fionnel to the Bohitioii of phenetidm 
sulphate in the first separatory funnel and proceed as directed under 7, beginning with 
**Treat with successive small portioDs oi solid sodium bicaihonate". 

15 Alkaline Hydrolysis Method.^TenkUim. 

On a small, tared filter weigh out an aoKNint of the sample to contain not more than 
0.10 gram of salol, exhaust with chloroform as directed in 14, collect the solvent in a 
small, lipped Erlenmeyer flask and evaporate the chloroform by means of an air blast 
without heat. Add 10 cc. of 2.5 per cent sodium hydroxid solution and heat 5 minutes 
on a steam bath. Cool quickly to room temperature in running water to prevent 
partial hydrolysis of the aoetphenetidin. Tranafer the liquid to a separatory funnel 
with a miwiwMim of water, then rinse out the flask with the first 20 cc portion of 
chlorofonn used in the extraction. Extract the alkalme solution with three 20 cc. 
portaons of chloroform, wash each portion in a second separatory funnel with 5 cc. of 
water and pass the solution through a small, dry filter into a 200 cc. Erlenmeyer flask. 
Designate the combined alkaline solutioB and washings as A, Distil the combined 
chloroform extracts to about 5 cc. Transfer by means of a little chloroform to a 
small, tared beaker or crystallizing dish, evaporate on a steam bath with the aid of 
an air blast, cool and weigh the residual acetphenetidin at intervals until the weight 
becomes constant. 

8ALOL. 

16 Aeid Hydrolysis Mefhod.—TenUUim. 

Subtract the weight of acetphenetidin, as determined in 14, from the combined 
weight of the 2 ingredients determined in 14, to obtain the weight of salol. 

17 Alkaline Hydrolysis Melhod.—Tentaiixte. 

Place the comlnned alkaline solutions A, under 15, in a 500 cc. glass-atoppered 
bottle, dilute with water to about 200 cc., run in from a burette an excess (about 45 
cc.) of N/7 potassium bromid-bromate, add 10 cc. of concentrated hydrochloric add 
and shake 1 minute, then at intervals for 30 minutes. Add 10 cc. of 15 per cent potas- 
sium iodid solution and shake at intervals for 15 minutes. Titrate the free iodin with 
standard sodium thiosulphate solution (preferably N/7), previously standardised 
against the N/7 bromid-bronkate solution. One cc. dl N/7 potassium bromid-broinate 
ia equivalent to 2^ mg. of salol. From the number of cc. of the N/7 bromid-bromate 
solution used, calculate the amount of salol on the basis of 12 atoms of bromin to 1 
molecule <tf salol. 

ACBTAHirD AHD SODIUM SAUCTLATB III IdZTUBBS. 

18 PMXPARATION OF SAMPLB AHD SOLimON.->TSirrATIVm. 

Wdgh an amount of the powdered sample equal to, or a muhiple of, an average 
unit dose, transfer to a separatory funnel containing 10 cc. of water^and, for every 
unit dose, add 0.10 gram of solid sodium bicarbonate. In the case of coated tablets 
and pills, ascertain their average weight, powder in a mortar and weigh out an amount 
of the powder equivalent to one or mora tablets or pills for each determination prior 
to tieatmoDt in the separatory funnel. In the examination of alcoholic preparations, 
distfl the alcohol from a measured volume on a steam bath, transfer to a separatory 
funnel with a minimum oi water and add sufficient solid sodium bicarbonate (0.5 to 
1.0 gram). 
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19 ACBTillllLID.— TSNtATIVB. 

Extract the alkaline solutioo, obtained und^ 18, with three 50 oc. portions of chioro- 
form, wash each portion with 5 cc. of water in a second separatory funnel and collect 
the solvent, without previous drying, in a 200 cc. Erlenmeyer flask. Designate the 
aqueous solution as A. Distil the chloroform very gently to about 5 cc., add 10 cc. of 
dilute sulphuric acid and completely hydrolyze on the steam bath. Proceed from thb 
point as directed under 4. 

20 SODItTM SAUCYtATE.— TENTATIVE. 

Acidify the aqueous solution of sodium salicylate A, under 19, with a few drops oi 

concentrated hydrochloric A<AA and extract with sufficient (3-5) 25 oc. portions of 

chloroform to exhaust the salicylic acid prenent in the mixture. Treat each portion 

m a second separatory funnel with 20 cc. of water, containing 1 gram of anhydrous 

sodium carbonate for every 100 mg. of salicylic aoid. Shake vigorously and, after 

clearing, wash each portion again in a second separatory funnel with 5 oc. of water, 

then add the washings to the main aqueous soda solution of sodium salicylate. Dilute 

to a known volume, transfer an aliquot, representng about 100 rag. of salicylic acid, 

to a 200 oc. Erlenmeyer flask, make up to 100 cc., heat nearly to boiling, then add slowly 

25-40 cc. of strong (about N/5) iodin solution, sufficient to insure an excess during 

digestion, and digest for an hour on a steam bath. Remove the free iodin with a few 

drops of sodium thiosulphate solution, decant the clear liquid through a tared 

Gooch, retaining most of .the precipitate, t^raiodophenyienequinon, (C iMi1sO)s, in the 

flask. To the latter add 50 cc. of boiling water, digest 10 minutes on the steam bath, 

then ittter, wash gradually all the prrripitat4; into a Gooch, using for this purpose and 

the finnl washing alx)ut 200 cc. of hot wAer. Dry to constant weijf^ht in an air bath 

at lOOX. Multiply the weight of the pre<?ipitate by 0.4f)54 to obtain the quantity of 

sodium salicylate present in the aliqUot taken. 

» 
* Should the mixture contain calFein or antipyrin, or both, these substances will appear 

\rith the aoetanilid in the first chloroform extract and may he determined as directed 
jn closely set type following 10. Should the acetanilid be replaced by acetphenetidin 
in the mixture, tha general procedure would not be materially altered, the at^etphenetidin 
being weighed directly after recovery frotti its washed chloroform solution as Separated 
from the sodium salicylate. If, instead of sodium saReylate, the mixture cdntains the 
free acid or its ammonium salt, add a 'larger quantity of sodium, bicarbonate prior to 
4»tf»otioii with chlorofonn to insure the fixation of saUcy lie aoid, 

In the analysis of a mixture of cafFein, acetanilid, sodium salicylate and codein 
sulphate, the following procedure is recommended: (1) Extraction of balTein, acetanilid 
ana salicylic acid from -the acidified solution:* (2) Washing the chloroform solution with 
aqueous soda solution for the recovery of salicylic acid, preliminary to its treatment 
with iodin solution; (3) Separation of cafl'ein and acetanilid as directed under 3 and 4; 
(4) Recovery of ^lodein ftom the solution oflits sulphate after treatment with sodium 
bicarbonate and chloroform. 



X' 



Caffbin, Acetanilid awd Cuinin Sulphate in Mixtttees. 

*■.■-. ■ . V. .■ -. 

. "^ 

21' PREPAHATI^N OF SAMPLE AND SOLtnlON.— TBNTAliyB. 

. ■ » » ♦ > I- 

Transfer to a -separatory funnel oneror siore ttverage unit doaesof the fiovidered 
sample, add 20 cc of water attd 50 cc. of chlorafomi, then 10. drops ^f dilute ^phuric 
aeid andr^extract in the usual way. Aflier clearing, wash the solvent In a seoood separa- 
tory funnel with '5 oc. of water, prior to transferring to -a 200 cc. Erlenmeyo* flaak. 
• Repeat the foregoing operations with tJTo 50. gc. portions of chloroform^ finaUy-distillihg 
the combined chloroform solution by gentle heat to ahout 10 cc. 



XXVIII] DRUGS 299 

22 CMfmtH AND ACBTAlriilD.— tbntahvic. 

Treat the chloroform residue obtained in 21 as directed under 3 and 4. 

23 QOIlflN SULPHATB.— TBIfTATIVX. 

Combine ike wash water, used in the second aeparatory funnel in 21, with the solu- 
tion of quiniii bisulphate, add a slight excess of solid sodium bicarbonate, extract with 
three 50 cc. portions of chloroform, wash each portion with 5 cc. of water in a second 
s^'paratory funnel and then pass through a dry fiher into a 200 cc. Erlenmeyer flask. 
Distil by gentle heat to about 5 cc., evaporate on a steam bath to apparent dryness, 
dissolve the amorphous alkaloid in 5 cc. of neutral alcohol and titrate with N/50 hydro- 
chloric acid to a faint red, using 2 drops of methyl red as an indicator. Heat on a 
steam bath until most of the alcohol has been expelled, adding, if necessary, sufficient 
acid to maintain the acid reaction. From the total number of cc. of acid employed 
in the titratjon G«lcufete.rthe quinin sulphate. One cc. of N/dO hydrochloric add is 
equivalent to 8.7S mg. of 4|iunin. sulphate. • 

If the mixture contains acetphenetidin in place of acetaniKd, proceed as outlined 
above, exoq>t .thai the Beparation of caffein and acetphenetidin is conducted as directed 
under 6 and 7. . ,, , 

. • * 

Caffein. Acetaniud and Codbin Sulphate in Mixtures. 

24 prbp/ ration of f ample and solution.^tbntative. 

Proceed as directed under 21. 

25 / CAFFEIN ANP ACETANIUD.— TBNTATXVB. 
Proceed as dirked under 22. 

26 CODBIN SOUPflATB.— TENTATIVE. 

Proceed as directed under. 23 to the point indicated by the sentence * "Distil by 
gentle htot to about 5 cc.*'. Transfer the chloroform solution of codein with sufficient 
solvent to a small, tai^d beaker, evaporate to apparent dryness on a steam bath, add 
a few drops of alcohol to the am6rph6us residue, then a like amount of water and 
evaporate again. Finally cool and allow the usually crystalline product to stand until 
the weight becomes constant. The weight of this residue multiplied by 1.314 gives 
the quantity of codein sulphate present. 

This result should be checked volumetrically. Dissolve . the residue in 3-5 cc. of 

neutral alcohol and titrate with N/50 sulphuric acid to a faint red, using methyl red as 

an indicator. From the number of cc. of standard- acid employed calculate the amount 

of codein sulphlite. One cc. of N/50 sulphuric acid is e<iuivalent to 7.87 mg. of codein 

• iuilphat.e* T)xe quaintity of codein sulphate as found b;^- weight will usually be slightly 

greaJber t^an. tbatt ^atermined by tHration. 

» 

- CAFFBIN; ACETANIUD, QtnNIN SULPHATB AND JftORPBIN SULPHATE IN MiXTVRBS. 

27 . .PREPARATION OF SAMPLE AND SOLUTION.— TENTATI^HB.- 

Transfer to a separatory funnel an amount (containing not less than one-fourth grain 
of morphin) of the powdered sample equal to, or a multiple of, a unit dose, add 20 cc. 
of water and 10 drops of dUute sulpfauric acid, then extract with three 50 cc. porti6ns 
of aloohoUfree chloroform, wash each portion in a second separatory funnel with 5 cc. 
of water ana add the combined washings to the alkaloidal solution in the first separa- 
tory funnel.' Filter the chloroform ^jctracts through a small, dry' filter into a 200 cc. 
Erlenmeyer flask aiid distil by gentjp Heat td about 10 cc. • 
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28 Cmsm AKD AdkTAHIUD.— ibhtativb. 
Treat the chloiofonn residue as directed under 3 and 4. 

29 QUIHIR 81ILPBATB«— TBMTATIVX. 

Add to the solution of quhun and morphin sulphates, obtained in 27, 4-5 oc. of 
sodium hydroxid solution (1 to 10) and extract with four 40 oc. portioos of chloroform, 
wash ea<^ portion with 5 cc of water and pass the dear movent through a small, dry 
filter into a 200 cc. Erlenmeyer flask. Remove the movent by gentle distillaticm and 
titrate the residual quinin with N/60 hydrochloric acid as directed under 23. 

If the morphin sulphate present is contaminated with codein sulphate, the latter 
will be separated and weighed with the quinin. 

30 MORPHZH 8ULPHATB.— TIHTATIVB. 

Wash the filter, employed in 29, with 6 cc. of water and add to the aqueous attuiline 
solution of the alkaloid. Now add 0.5 gram of ammonium cfafeiid (or an amount 
slightly in excess c^ that required to free the morphin as well as convert all sodium 
hydroxid to sodium chlorid) and, to the resulting ammoniacal sohrtaoa, add 45 cc. of 
chloroform and 5 oc. of alcohol, then extract in the usual way, washing the solvent in 
a second s^Muratory funnel with 5 cc. of water. After clearing, pass the chloroform 
through a small, dry filter into a 200 cc. Erlenmeyer flask. Repeat the extraction 
with three 40 cc. portions oi chloroform, washing and filtering as before, finally collect- 
ing all the solvent in an Erlenmeyer flask and distilling to about 10 cc. Transfer 
with chloroform to a small, tared beaker, evaporate to apparent dryness, add 0.5 oc. 
each of water and neutral alcohol, start crystallisation by stirring with a glass rod 
and finally evaporate to dryness. Cool and allow to stand until the weight becomes 
constant. 

Check the weight of morphin, thus determined, by titration with N/50 sulphuric 
acid, using a drop of methyl red as an indicator. Dissolve the alkaloid in 1-2 cc. of 
warm, neutral alcohol, then add the standard acid to a faint red. Evaporate most 
of the alcohol on a steam bath, adding, if necessary, sufficient acid to maintain the 
acid reaction. From the volume of acid used calculate the morphin sulphate. One 
cc. of N/50 sulphuric add is equivalent to 7.58 mg. of morphin sulphate. 

Despite all precautions lookii^ to the exdusion oi impurities from the morphin as 
weighed, the amount oi this substance thus determined wiU usually be greater than that 
found volumetricall^. In order to insure the greatest possibfo accuracy in volumetric 
operations on alkaloidal residues like quinin, morphin, and codein, it is suggested that 
whenever possible the strength of the standard add used be chedied ^ titration 
against the pure alkaloid under examination. 

In the various operations involving fixation and subsequent liberation of morphin 
by means of fixed alkali and ammonium chlorid, the most careful attention should be 
paid to the manner oi adding the reagents, since anv undue excess of dther might 
nullify the entire procedure. Any larf^ excess oi sodium hydroxid would naturally 
require for its reduction a correspondiitfly lar^ amount of ammonium chlorid, the 
latter in turn yidding its equivalent oi hydraxid, relativdy large quantities oi ifhkh 
through interaction with sodium chlorid tend to inhibit any permanent liberation of 
alkaloid and thus prevent complete extraction. ^ Furthermore, ammonium chlorid in 
large amount operates retentively on the morphin in solution, due in part possibly to 
the formation of an alkaloidal hydrochlorid. 

31 sntTCHHiir m u^yuiDs. 

(Applicable to eUxirs of iron and strychnin, in absence of other alkaloids.) 

Measure 50 cc. of the sample into an evaporating dish and remove akxihol by evapo- 
ration. Trantifer to a 250 cc. Squibb separatory funnd and add a slight excess of 
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ammoDmiii hydroxid. Then add 26 oc. of chloToform, agitate and allow to stand 
until aeparalion is complete. Draw off die cliloraforin solution into a second separa- 
tory fonnd and repeat the extraction with two 25 oc. portions of the solvent. Wash 
the comhined chlorofonnic fractions with 10 cc. of water and allow to stand 15 minutes. 
Introdooe a pledget of absorbent cotton into the stem of the separatory funnel and 
carefully draw off the chloroform section into a tared dish, but do not allow the wash 
water to enter the orifice of the stop-cock. Add 10 cc. of chloroform to the contents oi 
the separatory funnel and agitate. Allow to stand until separation is complete, then 
draw off the chloroform into the tared dish and wash the outer surface of the stem of 
the separatory funnel with a few cc. of chloroform. Evaporate on a steam bath, 
removing the diih from the bath as the last pwUons evaporate to avoid decrepitation. 
Dry at lOOX. to constant weight and wei^ as strychnin. 

32 sTRTcmmi ih tablbts. 

Weigh 25 tablets and introduce directly into a 250 cc. Squibb separatory funnel. 
Moisten with 8 cc. <tf water and then add 1 cc. of ammonium hydroxid. From this 
point proceed as directed under 31, beginning with 'Then add 25 cc. of chloroform, 
agitate and allow to stand until separation is complete'*. 

33 ATROPIIIS IH TABLETS. 

Weigh 25 tablets and introduce directly into a small separatory funnel. Moisten 
with 5 cc. of water. Add 1 cc. of ammcmium hydroxid. Agitate with 25 cc. <tf chloroform 
and allow to stand untQ separation is comfrfete. Draw off the chloroform layer into 
a second separatory funnel and repeat the agitation with two 25 cc. portions of the 
solvent. After combining all of the fractions, wash the combined diloroformic solu- 
tions by agitation with 10 cc. of water and allow to stand 15 minutes. Introduce a 
pledget of absorbent cotton into the stem of the separatory funnel and carefully draw 
off the chloroform solution into a tared dish, but do not allow the wash water to enter 
the orifice of the stop-cock. Add 10 cc. of chlorofturm and when the water has entirely 
risen to the surface, draw off the chlorof<Nrm into the tared dish. Wash the outer sur- 
face of the stem of the separatory funnel with a fittle dilorctform. Evaporate on a 
steam water4Nith, removing the dish from the bath as the last portions evaporate to 
avoid decrepitation. Dry in vacuo to constant weight and weig^ as atropine. 

Check the weight of atropine by dissolving the residue in neutral alcohol, adding an 
excess of N/10 sulphuric add and titrating back with N/50 potassium hydroxid, using 
methyl red as an indicator. One oc. N/50 H9SO4 » .005784 gm. atropine. 

Tkagacaivth. 

34 VOLATILB ACmiTT*.— TBNTATIVB. 

The quantity of volatile (acetic) acidity developed in the add hydrolysis at gum 
tragacanth (Asiragaku gummifer) affords a valuaUe index of the purity of this com- 
modity when compared with results obtained by similar treatment of so-called "Indian 
gum" [CkKhSMpemam gostypium and Siereulia ureru). The term "volatile acidity*' 
CAptc as e s the number of cc. of N/10 potassium or sodium hydroxid required to neutralize 
the volatile (acetic) add obtained by distilling with steam the products of the action 
of boiling aqueous phosphoric add on 1 gram of the gum. 

Treat 1 gram oi the whole or powdered sample in a 700 cc. round-bottomed, long- 
necked fladL for several bo«irs in the cold with 100 cc. of water and 5 cc. <tf sirupy 
phosphoric add until the gum is completdy swollen. Boil gently for 2 hours under 
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a reflux condenser. A very small amount of celluloae substanoe will remain undis- 
solved. Now distil the hydrolyzed product with steam, using a spray trap^ to connect 
the distillation flask with the condenser and continue until the distiMaAe amounts to 
600 cc. and the acid residue to about 20 cc. Do not concentrate too far, as this would 
scorch the non-volatile, organic decomposition products and possibly contaminate the 
distillate. Titrate the distillate with N/10 potassium hydioxid, using 10 drops of 
phenolphthalein as an indicator, finally boiling the liquid under examination until a 
faint pink color remains. Correct the result by a blank determination and express 
the final result in terms of the number of cc. of N/10 alkali required, as in the above 
definition. 

While tragacanth yields a practically colorless solution when boBed with aqueous 
phosphoric acid, Indian gum, on the other hand, gives a pink or rose solution. This 
reaction may be used as a preliminary test for the detection of Indian gum. 

« 

Levant Wormsebd. 

35 santown.— tentative. 

Extract 10 grams of the sample, ground to pass a 30 mesh sieve, in a Soxhlet extrac- 
tion apparatus for 3 hours with chloroform. Distil the chloroform until 7-8 cc. remain; 
add 100 cc. of 5 per cent barium hydroxid solution and heat on a steam bath until the 
odor of chloroform has disappeared. Boil 5 minutes, cool and pass carbon dioxid 
(washed through sodium bicarbonate solution to remove traces of acid) until saturated. 
Filter on a small Biichner funnel, using suction, and wash twice with 10 cc. of water. 
Heat the filtrate on a steam bath, add 5 cc. of 25 per cent hydrochloric acid (sp. gr. 
1.125) and warm 5 minutes. Cool until lukewarm and extract with 20, 15 and 15 cc. 
of chloroform, passing the solvent through a amall filter intq a flask. Evaporate to 
dryness, removing the last traces of chloroform. Dissolve in 7.5 grams (9.5 cc.) of 
absohite idoohol, warming gently if necessary. Then add 42.5 cc. of water heated to 
eO'^-^OX** stopper ithe flask and aUow to cool. Start crystallization at this point by 
acralcbing the side of the flask with a rod or by seeding with a minute crystal of san- 
tonin. (Solutions containing a liberal amount of santonin, kept in a cool place for 
24 hours, have been found in a supersaturated condition where this precaution was 
not observed.) Maintain the flask and contents at a temperature of 15''-17X. for 24 
hours. Filter and wash at 15°-17'*C. with two 10 cc. portions of 15 per cent alcohol 
by weight. Dry the flask and filter at lOO^C, dissolve the santonin left in the flask 
and on the filter in chloroform and filter into a tared beaker. Wash the flask and paper 
thoroughly with chloroform, evaporate the combined filtrate and washings, dry at 
100°C. to remove all traces of chloroform and weigh. To the weight found add 0.04 
gram for the santonin dissolved in the dilute alcohol and multiply the total by 10 to 
obtain the per cent of santbnin. % ^ * 

Nitroglycerin n Tablets. 

36 preparation OF SAMPLE.— tentative. 

(a) Crush 25 tablets under 10 cc. of anhydtons ether in a 26 c<;. cylinder by means 
of a stout glass rod. Rinse the rod with a little afthydrous ether, allow the insoltible 
material to settle and decant the solution into a '50 cc. (Bfradaated flask. Wash the 
residue repeatedly with 5 cc. portions of anhydrous ether, decant the Washings into 
the flask until it is filled to the mark, stopper and mix ^ell. Designate this solution 

88/4. 
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Add 10 oc. of water to the residiie, mix welL and transfer the mixture to a small 
separatory funnel by means of a little wnter. Extract with 3 succeBsive portions of 
10, 6 and 5 oc. of ether. CoUeet tfae ether extracts in a 50 oc. beaker and designate 
this solution as B. 

(b) Disintegrate 25 tablets in a small beaker with K) oc. of water, breaking up any 
lumps with a glass rod, and transfer by means of a little water to a separatory funnel. 
Rinse the beaker with 10 cc. of ether and transfer this also to the separatory funnel. 
Shake thoroughly, draw off the aqueous layer and transfer the ether through a 
funnel, containing a little cotton, to a 50 cc. graduated flask. Repeat the extraction 
with successive portions of ether until the flask is filled to the mark, stopper and mix 
well. Designate this solution as C 

In hand-made and soft comjpressed tablets, the method described under (a) is pre- 
ferred, since the direct extraction of the dry crushed material with ether removes most 
of the nitroglycerin. In hard compressecl tablets, the direct eoctraction is often not 
nearly so complete and, in such cases, the method described under (b) is to be preferred. 

Nitraie Method*.— Tentative, 

37 BKA«ENT8. 

(a) PhenoldisuJphonic acid solution. — Prepare as directed under III, 14 (a). 

(b) Standard nitrate solution. — ^Dissolve 0.7217 gram of potassium nitrate in 1 liter 
of water. Evaporate 10 cc. of this solution just to dryness in a porcelain dish on a 
steam bath. Cool the residue and treat it with 2 cc. of the phenoldisulphonic acid solu- 
tion, rubbing with a glass rod to insure intimate contact. After 5-10 minutes dilute 
to 250 cc. Each cc. of this solution contains 0.004 mg. of nitrogen. Add an excess of 
potassium hydroxid solution to an aliquot of this solution and dilute to 100 cc. (Do 
not use sodium or ammonium hydroxid.) It is advisable to prepare a standard of 
approximately the same color as the unknown. 

38 DETERMINATION. 

Place 20 cc. of the ether solution, A or C, obtained in 36, in a dried, tared 50 cc. 
beaker. Evaporate the solvent in a vacuum desiccator containing sulphuric acid. 
Apply the vacuum graduaUy, to prevent boiling. Allow the beaker to remain in 
the vacuum 30 minutes after the ether has evaporated. A^'eigh and calculate the ether 
extract per tablet. Treat the residue with 2 cc. of the phenoldisulphonic acid solution, 
rotating the beaker so that the reagent comes in contact with the entire inner surface. 
After 10 minutes add water and wash into a 100 cc. flask. Dilute to the mark and 
place 10 cc, representing 1 tablet, in a 100 cc. flask, add about 50 cc. of water and a 
few drops more of 20 per cent potassium hydroxid solution than is required to neutralize 
the acid. Dilute to the mark and compare the color with that produced when a stand- 
ard nitrate solution is similarly treated. Any convenient colorimeter or Nessler tubes 
may be used. Multiply the nitrate nitrogen found by 5.4 to obtain the equivalent of 
nitroglycerin. 

When the sample is prepared as directed under 36 (a), a correction (determined aa 
directed in 40), should be made for the amount of nitroglycerin in B under 36, using 
all of B instead of an aliquot. 

Nitrite Method\—Teniathe, 

39 REAGENTS. 

(a) SalphanHie neid tolution, — Prepare as directed under III, 12 (b). 

(b) Alpha-^napkihytamin hydroehhrid whUion. — Prepare as directed under III, 

12 (C). 
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(C) Standard nitrite Botuiion. — Weigh out 0.220 gram of dry silver nitrite, XIV. 
19 (C), dissolve in a small quantity 61 hot water and deoonqMse with a slight exoeaa 
of sodium chlorid solution. When the sohiticm becomes dear, dilute to 1 liter with 
nitrite-free water. Dilute 5 oc. of this solution to 1 liter with nitrite-free water. The 
second dilution, containing 0.0001 mg. of nitrous nitrogen per cc., b the standard to 
be used. [Cf. III. 12 (d).] 

40 DETERMINATION. 

Place 5 00. of the ether solution, A or C, under 36, in a 50 oc. beaker, dilute with 
5-10 00. of alcohol and add about 5 oo. of 0.5 per cent alcoholic potassium hydioxid. 
Cover with a watch glass and aUow to stand 10 minutes. Place on a steam bath, boil, 
remove the watch §^ass and, when most of the liquid has evaporated, add about 25 cc. 
of water and return to the steam bath until about half the liquid has evaporated or 
until the odor of alcohol can no longer be detected. Cool and dilute with nitrite-free 
water to 260 cc. Each cc. of this solution represents 0.01 of a tablet. Intioduoe an 
aliquot, representing 0.02-^.04 mg. of nitroglycerin, into a 100 cc. graduated flask, 
dilute with sufficient nltrite^ree water to make the volume 00-05 cc., add a drop of 
concentrated hydrochloric add, then 2 cc. of the sulphanilic add solution and 2 oc. (rf 
the alpha-rnqththylamin hydrochlorid solution. Complete the volume with nitrite-free 
water. Prepare at the same time and in the same manner standards containing known 
amounts of sodium nitrite. Stopper the flasks, mix wdl and compare the colors after 
30 minutes, using any convenient colorimeter or Nessler tubes. Multiply the nitrite 
nitrogen found by the factor 8, which has been determined experimentally, to obtain 
the equivalent of nitroglycerin. 

When the sample is prq>ared as directed under 36 (a), a correction, determined 
as directed above, should be made for the amount of nitroglycerin in B under 36, 
using all of B instead of an aliquot. 

PBP8IN IN LlQmD6.--TBNTATIVB. 

41 REAGENTS. 

(a) Standard pepsin. — Powder a good grade of U. S. P. pepsin and pass it through 
a No. 60 sieve; dry in vacuo over calcium chlorid, again pass through a sieve and 
preserve in a stoppered bottle. Ascertain the exact pepsin equivalent oi the dry 
powder by the U. S. P. method^® and express in percentage based on the assumption 
that the U. S. P. product is 100 per cent pure. 

(b) Standard pepsin solutions. — ^Weigh out definite amounts of the standard pepsin 
into the requisite quantity of N/10 hydrochloric add to make solutions containing 5 
and 0.5 mg. of pepsin per cc. These should be freshly prepared. 

(C) Ricin solution. — Grind commercial ricin, similar to the "Ricin Preparat nach 
Jacoby", to a No. 60 powder, mix thoroughly, dry and keep in a desiccator. Digest 1 
gram of this powder for an hour at 37.5'*C. in 100 cc. of 5 per cent sodium chlorid solu- 
tion, cool, filter and use at once for the assay. 

42 PREPARATION OP SOLUTIONS. 

(a) Dilute solution of the sample. — Dilute the sample with a measured amount of 
N/10 hydrochloric add until, upon digestion at 37.5X., 1 cc. requires approximately 
15 minutes to digest the precipitate obtained by mixing 2 cc. of the ridn solution and 
0.5 cc. of N/10 hydrochloric add. To 50 cc. of this diluted preparation add the requisite 
quantity of water or of N/5 hydrochloric acid to make the preparation of N/10 add 
strength when diluted with N/10 add to 00 cc. Preserve the sample in a refrigerator. 
(SoMd pepsin preparations may often be extracted with hydrochloric add of appropriate 
strength and prepared for assay in the same manner.) 
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(b) Dikde eomparimm 9oluiion of the MompU. — Add 1 oc. of N/10 hydrochloric acid 
to cc. of th« dilute ic^taon oi the sample (a). 

(C) DikUe inaethfe toluiion of the tamplU. — ^Inunene a stoppered glass vessel, con- 
taining 45 oc. (^ the dilute solution of the sample (A) and 5 oc. of N/10 hydrochloric 
acid, in boiling water iot 15 minutes and filter. 

(d) Standard toluiion eordaining 0.5 mg. of aeUwe U. S. P. pepsin per ec. — Immerse 
a stoppered test tube containing 18 cc. of the dflute solution of the sample (a) in boiling 
water for 10 minutes and, after cooling, add 2 cc. of the standard pepsin solution, 
containing 5 mg. of pepsin per cc., and filter if necessary. 

If the solutions to be tested are not clear, filter through hardened filters. If, how- 
ever, they can not thus be clarified, make check comparison tubes containing the same 
amounts of the preparation made up in the same way with 2 oc. of water in place of the 
ricin solution used in the determination. 
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DBTBIUaNATION. 



To each of 15 tubes, add from a burette 2 cc. of the ricin solution and 0.5 cc. of N/10 
hydrociilmc acid, heat to 37.5°C. and add the following quantities of the solutions: 

To the first 5 tubes, add 0.00-1.00 oc. oi the dilute comparison solution oi the sample 
42 (b) in 0.26 oc. increments, and 1.00-0.00 cc. of the dilute inactive solution of the 
sample 42 (C) in 0.25 cc. decrements. To the next 5 tubes, add 1.00-0.00 cc. of the 
dilute inactive solution of the sam|^ in 0.25 cc. decrements and 0.00-1.00 cc. of the 
standard soluticm containing 0.5 mg. of active U. S. P. pepsin per oc. 42 (d) in 0.25 cc. 
increments. To the last 5 tubes, add 1.00-0.00 cc. of N/10 hydrochloric acid in 0.25 
cc. decrements and 0.00-1.00 cc. of the standard pepsin solution containing 0.5 mg. 
of pepsin per cc. 42 (b) in 0.25 cc. increments. 

By comparing any tube of the first group of 5 with the tubes in the remaining groups 
the degree oi proteolytic activity of the dilute comparison solution of the sample may 
be matched against known amounts of standard pepsin both in ordinary acid medium, 
last group oi 5, and in the same medium as the sample itself, second group. 

Introduce the add and the dflute inactive solution of the sample into the tubes first 
and then pour in the solutions to be tested as rapidly as possible from graduated pipettes, 
noting the total time consumed in the process after adding the pepsin. 

After the addition of the solution to be tested, again immerse the test tubes in the 
37.5^. bath, preferably arranged in corresponding order in a partitioned square or 
oblong wiro rack, such as is used in bacteriological work. Shake and examine the 
tubes from time to time for 1-2 hours, noting the time when the digestion begins and 
ends. In case of very weak solutions they may be aUowed to digest overnight. 

If tbe rate of digestion is the same in each group, the dilute comparison solution of 
the sample contains exactly 0.5 mg. of pepsin per cc. If the rate is more rapid in the 
first group than in the others, it is stionger, the comparative strength being closely 
indicated by the time of action in the tube contaimng less of the solution. If the rate 
of clearing is more rapid in the last group than in the second, some interfering substance 
Is p resen t and must be removed by dtalysis, or by evaporation in vacuo at a low tempera- 
ture until, upon re««xaminatioa and further dilution or concentration, the rate of diges- 
tion is identical or nearly so in each series. 

Smaller quantities of pepsin may be determined in the same way by comparing 
them with more dilute solutions of standard pepsin. Thus 0.05 mg. of U. S. P. pepsin 
can be readfly detected by the nearly complete solvent action on the ricin precipitate 
in less than 2 hours. A maiiLed action on the ricin within the same time is shown by 
0.005 mg. For all practical purposes the absence of an appreciable solvent action 
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after 4 hours* digestion indicates the absence of pepsin. Express the result in per 
cent, assuming U. S. P. pepsin to be 100 per cent pure and calculating the result accord- 
ing to the dilution found necessary in preparing the dilute solution of the sample. 

Turpentine. 
44 color.— tentati b. 

FiU a 200 cc. flat-bottomed colorimeter tube, graduated in mm., to a depth of 40-50 
mm. with the turpentine. Place the tube in a colorimeter and place on or under it a 
No. 2 yellow Lovibond glass. Over or under a second graduated tube in the colorimeter, 
place a No. 1 yellow Lovibond glass and run in the same turpentine until the color 
matches as nearly as possible the color in the first tube. Read the difference in depth 
of the turpentine in the 2 tubes. If this difference is 50 mm. or more, the turpentine' 
is **standard". 

45 SPECIFIC GRAVHT.^TENTATIVE. 

Determine the specific gravity at ^r-' by means of a pycnometer. The specific 

gravity may also be determined somewhat less accurately at any convenient tempera* 
ture with a plummet, correcting the result by using the factor 0.00062 for each degree 
that the temperature of the determination differs from the*9tttMlard temperature. 

46 BXFKACTIVE INDEZ.--TB1ITATIVB. 

Determine the refractive index at any convenient temperature with an accurate 
instrument and calculate the result to 20*'C., using the correction factor 0.00045 for 
each degree that the temperature of the determination differs from 20°C. 

47 DI8TILLAT OH.— TBIITATIVB. 

Use an ordinary Engler flask (the internal diameter of the side tube must be 6-7 mm.) 
and condenser^* and heat the flask in a glycerin or oil bath^'. Fit the flask with a ther- 
mometer reading 145°'-200°C., in such a way that the mercury bulb shall be opposite 
the side tube of the flask and the 175'' mark below the cork. Place 100 cc. of the 
turpentine in the flask, connect with the condenser and distil. Condifct the distiUatioix 
so that the distillate passes over at the rate of 2 drops per second. Note the initial 
distilling temperature and the percentage distiUing below 170°C. 

POLYMERIZAT ON.— TENTATIVE. 

48 REAGENT. 

38 N sulphuric aeid, — Mix 140 grams of concentrated sulphurie acoA with- sufficient 
liquid, fuming sulphuric add (about 10 grams) to obtaia an acid sligfaftly stronger 
than 38N. Determine the exact strength^' of this mixture and also of the concentrated 
acid as follows: Weigh out ^S grams in a bulb, having a capillary tube in the lower 
end and a tube with a stop-cock in the upper end. fitted with a platinum wire for 
suspending on a balance. (The bulb is filled by the aid of a slight vacuum, and the 
lower end of the capillary is emptied by closing the stop-cock simultaneously with the 
withdrawal of the capillary from the add; after which it is wiped off first with a wet 
and then with a dry piece of cloth.) Run the acid into cold water, make up to volume 
and titrate an aliquot of the solution against standard alkali or add an excess of am- 
monium hydroxid to an aliquot, evaporate to dryness, dry to constant weight at 120°~ 
ISO^'C. and weigh as ammonium sulphate. Calculate the sulphur trioxid content of 
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the add and add sufficient concentrated sulphuric acid to make it exactly 82.38 per 
cent of S0|. The acid must be carefully protected against absorption of water from 
the air. 
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DETERMINATION. 



Place 20 cc. of the 38N sulphuric acid (100.92 per cent) in a graduated, narrow- 
necked Babcock flask, stopper, place in ice water and cool. Add slowly 5 cc. of the 
turpentine. Mix the contents gradually, cool from time to time and do not allow the 
temp^^ture to rise above 60^C. When the mixture no longer warms on shaking, 
agitate thoroughly, place in a water bath and heat to 60°-65^C. for about 10 minutes, 
keeping the contents of the flask thoroughly mixed by vigorous shaking 5 or 6 times. 
Cool to room temperature and fill the flask with concentrated sulphuric add until the 
unpolymerized oil rises into the graduated neck. Centrifugalize 4-5 minutes at about 
1200 revolutions per minute, or allow to stand for 12 hours. Read the unpolymerized 
residue, notice its consistency and color and determine its refractive index. 
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XXIX. SOILS-— TENTATIVE. 

1 DIRSCTIORS FOE SAICPUHO. 

Remove from the surface all vegetable material not incorporated with the soil. Take 
a sufficient number of samples to insure securing a composite sample which will be 
representative of the tract sampled, to a depth which will include the average depth 
of plowed soil, usually about 7 inches, and a composite sample from each important 
and distinctly different soil stratum to the depth of 40 inches, using a soil tube or 
auger, whichever may be best adapted to the soil conditions. If a soil auger is used, 
before boring deeper the hole should be enlarged and carefully cleaned out with the 
soil auger to prevent contamination of the several sub-strata samples while being with- 
drawn. The sampling should be done when the soil is reasonably dry. Mix the samples 
of each depth thoroughly and dry in a weU-aired, cool place. 

It is recommended that the weight of a given volume of the soil as it lies in the field 
be taken for calculating the percentage results obtained by analysis to pounds per given 
area of the soil. 

In view of the variability characteristic of field soils within small distances, it seems 
impossibly at the present time to devise a perfect method for sampling. The method 
given above comes as near as any, that may now be adopted, to fiUing the requirements. 

2 PREPARATIOH OF SAMPLE. 

(d) Pulverize the air dried soil, using porcelain pebble mill or other equaUy effective 
method which will not reduce the rock fragments, to pass through a sieve having 
circular openings 1 mm. in diameter. Thoroughly mix the sifted material and preserve 
in a suitable stoppered container. Weigh and discard the detritus. 

(b) If necessary for determination of total constituents, pulverize more finely a sub- 
sample of (a). 

K for any reason deviations from this procedure are deemed necessary, they should 
be reported with the results. 
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Dry 2 grams of the sample prepared as directed under 2 (a) in a wide-mouthed 
weighing bottle at 100°C. to constant weight. Report the loss of weight as percentage 
of the moisture free weight of the sample taken. 

4 LOSS ON IGNITION. 

Ignite soil from 3 in a platinum dish or suitable substitute to full redness, stirring 
occasionally, until organic matter is destroyed. If the soil contains appreciable quanti- 
ties of carbonates, moisten, after coolitig, with a few drops of a saturated solution of 
ammonium carbonate; dry and heat to dull redness to expel the ammonium salts; 
cool in a desiccator and weigh. 

The analyst is cautioned that this method gives only a crude approximation of the 
organic matter and is less accurate in soils containing much colloidal material. 
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[XXIX 



CARBONATE CARBON. 



APPARATUS. 



(a) Quadruplieale shaking apparaUu for delerminaiion of carbonaU carbon in soils 
cj high or low earbonaie contenO, — This consists of a horizontal holder (H) 21 inches 
long, I inch thick and 1} inches wide, with bored holes and entrance thereto made to 
loosely fit the neck of a 300 cc. Erlenmeyer flask, which takes a No. 6 rubber stopper. 
Holder {H) is suspended from a horizontal bar by means of brass strips 1} inches wide 
and 24 inches long. The common intake for purification of the incoming air leads 




FIG. 15. QUADRUPLICATE SHARING APPARATUS FOR DETERMINATION OF 

CARBONATE CABBON CONTENT IN SOILS. 



from a tube about 25 inches long. This tube stands upright, through a rubber stopper, 
in a 1 liter Erlenmeyer flask and has inserted in the top a large nitrogen distillation 
bulb, which prevents the mechanical transmission of any of the purifying sodium 
hydroxid. 

The driving wheel (J) is i inch thick and 7 inches in diameter. The eccentric attached 
to its face is } inch in thickness and 2 inches in diameter. Thni eccentric is groo\'ed 
to permit free rotation of the driving shaft which is fastened to the end of the holder 
(H) by means of a binding post. Driving power to effect agitation is obtained by use 
of the motor (/) which is best secured by the use of a sewing machine motor, or by 
dismantling a small desk fan. If the motor available has no rheostat the speed can 
be easily controlled by a battery of 4 lamps. The motor is hinged upright on the sup- 
port so that the pulley will rest upon the edge of the driving wheel. The pulley of 
the motor is inserted into a rubber stopper, which eliminates noise of friction. 

The absorption towers (D) are at least 25 inches high and 1 inch in diameter. They 
contain alternating pockets of solid glass rods and small glass beads resting upon an 
inverted test tube 2} inches long. The rubber connection on the intake oock of the 
tower (D) is used to disconnect the glass tube which extends to the rubber connection 
on the safety bulb tube leading from flask (C). 
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(b) Single apparalusfor determination of carbonate carbon in toils high in carbonates*. — 
The apparatus (Fig. 17) oonsists of an evolution bulb (J), a wash bottle (W), and an 
absorption tower (A), The evolution bulb (J) consists of a 300 cc. dropping funnel 
with the stem bent as shown. The finely ground soil or other material is placed in 
this bulb and the acid solution introduced through the funnel (/). On aspiration the 
air enters through (P) and rises from the narrow neck of the bulb, effecting an efficient 
agitation of the soil and solution. A rather wide-mouthed dropping funnel should be 
selected in order to take at least a No. 3 stopper. The sides of the funnel should slope 
uniformly to the outlet in the stopper and should not leave a considerable shoulder 
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FIG. 16. ABSORPTION TOWER 
FOR CARBON DIOXID. 



FIG. 17. SINGLE APPARATUS FOR THE DETER- 
MINATION OF CARBONATE CARBON. 



around the outlet of the stopper on which soil may rest. The wash botUe (HO oon- 
taining silver sulphate is inserted to remove hydfoohlorio acid when tUs acid is used 
to decompose the caibonates. 

The absorption apparatus consisis of a 500 oc. suction flask (A), a glass tube (B), of 
dimensions as siiown^ a 50 co. dropping funnel (i^, and a soda lime tube (F), connected 
9Ji indicated in the figure. A glass rod (C) with a head as shown is attached to the 
outlet and serves to break up any bubUes that may rise into the tube. The outlet 
tube has a hole at (H). 



DETERMINATION. 



Pulverize the sample to pass a 100 mesh sieve, so as to expose to the action of the 
liberating acid as mix^ as possible any calcite which may be included in quartz crystals. 
For soils low in carbonates use a 10, 25, or 50 gram charge in the quadruplicate shaking 
device described under 5 (ft). For soils sufficiently high in carbonates to justify 2 or 
3 gram chargOB, the single apparatus described under 5 (b) may be used. 
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Introduce the charges into the 300 cc. evolution flasks, aspirate 5 minutes in order to 
free the apparatus of atmospheric carbon dioxid, release the suction and introduce 10, 
25, or 50 cc. of N/2 sodium or potassium hydroxid solution into the absorption tower. 
Apply a suction of 5 inches and then introduce 60 cc. of dilute hydrochloric add (1 to 
10) upon the soil contained in the Erlenmeyer flasks, regulating the intake of air by 
means of screw cocks placed just beyond the absorption towers. Agitate and aspirate 
for 30 minutes. Then release the suction and draw off the absorbent solution into 
500 cc. flasks, washing the towers with a succession of fillings of carbon dioxid-free 
water, using a minimum volume of 250 cc. Add 10 cc. of a neutral aqueous solution 
of barium chlorid, made by dissolving 250 grams of barium chlorid (BaC1s.2HsO) in 
1 liter of water. Make to volume and agitate. If the barium carbonate precipitate 
be light, the titration of the residual hydroxid may be made in the presence of the 
precipitate. If the barium carbonate be heavy, permit the precipitate to settle and 
pipette off an aliquot of 200 cc. of the clear supernatant solution; or immediately filter 
enough to yield a 200 cc. or 400 cc. aliquot, by suction through a 10 cm. Biichner 
funnel, into a beaker placed under a beU jar. Titrate the excess of hydrd^id, using 
phenolphthalein as an indicator. With a small bore burette, permitting split-drop 
readings to hundredths of a cc., use N/2 acid for the titration. With larger bore 
burettes use N/10 or N/4 acid. 

If the soil is known to be derived from the limited magnesite area, or if a soil or sub- 
soil be from the glaciated region, where transported dofemite occurs in considerable 
amounts, the agitation and aspiration should be repeated or continued until the dis- 
integration 18 completed, if necessary using 1 to 5 hydrochloric add. 

ORGAinC CARBON. 
Wei Combustion Method. 

7 REAGENTS. 

(SI) Oxidizing solution. — Dissolve 85 grams of chromic anhydrid in 100 cc. of water 
and dilute to 250 cc. with phosphoric acid, 85 per cent strength. 

(b) Acid solution. — Mix equal volumes of 85 per cent phosphoric add and con- 
centrated sulphuric add. 
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DETERMINATION . 



Introduce 1-^ gram chaiges of soil, depending upon the organic matter content, into 
each of the four 300 cc. Pyrex Erlenmeyer flasks, 5 (a). Free the apparatus of atmos- 
fdneric carbon dioxid and then introduce into each absorption tower 25 or 50 cc. of N /2 
sodium or potaasium hydrdxid. Apply suction of 5 indies and run into eadi Erlenmeyer 
flask 10 cc. of the oxidizing solution. Then add 25-40 cc. of the add mixture. Gently 
agitate the flasks and place a low flame under each. Continue the gentle agitation 
and heating for 30 minutes subsequent to attaining of the boiling point. Between the 
Erlenmeyer flasks and the absorption towers, insert a glass bolb of about 1} inches 
diameter, and bend the tube leading from this bulb into the Erlenmeyer flask so as to 
permit the return of the condensed water along the side of the flask. In order to guard 
against the mechanical aspiration of the liberating acids, place an empty absorbent 
bead-fiUed tower between each glass bulb and the tower which contains the hydroxid 
absorbent. 

At the end of the agitation and aspiration, release the suction and wash out the 
absorbent into a 500 cc. flask. Then precipitate the sodium or potassium carbonate 
by adding 10 cc. of a neutral aqueous solution of barium dilorid (250 grams of barium 
chlorid (BaCls.2HsO) per liter). Make to volume and permit the precipitate of barium 
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carbonate to settle. Pipette off an aliquot of 200 oc. and titrate the residual fajdroxid 
with N/2 acid, using phenol phthalein as an indicator and splitting dropx by the use 
of astirrini; rod near the endof the titration; or obtain the desir«d aliquot by pipetting 
from the clear filtrate by throwinf; the contenla of the 600 oc. flask on a 10 cni. Btichner 
funnel, and filter with auetion into a large beaker placed under a bell jar. The difference 
between the residual hydroxid in terms of N/2 alkali and the N/2 sodium hydroxid 
ori^ally used is equivalent to the carbon dioxid formed by wet combustion of the 
organic carbon plus the inorganic carbon dioxid present in the sample. Subtract the 
amount of carbon dioxrd. as determined under 6. from the total, as determined above. 
The difference represents the carbon dioxid derived from oxidation of the organic carbon. 

Dry ConAuslion MeOwd. 

9 APPARATUS. 

(a) A caJorimeler bomb. — Use a type thai permits ihe recovery and transfer of the 
entire solid residue of the exploded chaise to a small vessel by means of a jet of water. 



FIG. 18. PAgR'S APPAHATUS FOB THE DETEBMINATION OF CARBON DiOXID. 

(b) Parr't apparalus/or determining carbon dioxUt'. —Diuatiatod in Fig. 18. 

This consists of a 150 cc. Erlenmeyer flask (f ) fitted with a 3-holed stopper through 
2 boles of which the stems c^ 2 dropping tunnels {S) and (,4) extend almost to the 
bottom of the flask. A capillary lube, passing through the third hole and flush with 
the bottom of the stopper, connects with the gas burette. 

(C) A simple Hemple gat pipetle. — Contains potassium hydroxid solution (30 grams 
of potassium hydroxid dissolved in 70 cc. of water). 

10 DETERMlNATtON. 

Introduce 2 grams of soil as prepared under 2 (8) (t gram if high in organic matter), 
0.75 gram of magnesium powder, and 10 greim of sodium peroxid, into the closed dry 
calorimeter bomb, and mix thoroughly by shaking the bomb. Explode the charge by 
means of an electric spark or by dropping a red hot plug into the bomb through an 
automatic valve which closes immediately after the plug enters. Remove; the residue 
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from the IxMnb, using as little hot water as possible, heat to boiling, and transfer to 
the receiving funnel (S) of Parr's apiMiratus. From the acid funnel (A) run 50 oc. of 
sulphuric acid (1 to 2) into the flask (F). Connect the apparatus and slowly add the 
contents from the receiving funnel (S). The carbon dioxid generated passes through 
the capillary tube into the graduated burette. Heat the contents of the flask (F) to 
boiling and boil for 1 minute, then force the gases into the graduated burette by intro- 
ducing water into the flask (F) through the funnel (S). Read the burette, recording 
the temperature and pressure. Pass the gas into the absorption pipette containing 
potassium hydroxid solution. Shake the gas with the solution until the carbon dioxid 
is wholly absorbed. Return the residual gas to the graduated burette, and again read 
the burette noting the temperature and pressure. The difference in readings calculated 
to standard conditions of temperature and pressure gives the number of cc. of carbon 
dioxid derived from the total carbon in the sample. Conduct a blank determination 
upon the reagents used. If an appreciable amount of carbon dioxid is obtained in the 
blank, tke result expressed in terms of total carbon must be corrected accordingly. 

Determine the inorganic carbon, as directed under 6, and subtract it from the total 
carbon to obtain the organic carbon. 

TOTAL IHTROGBN. 

11 Gurming-Hibbard Method. 

Digest 10 grams of soil in a 500 cc. Kjeldahl or flat-bottomed boiling flask with 
30-40 cc. of sulphuric acid and approximately 10 grams of salt mixture composed of: 10 
parts potassium sulphate or anhydrous sodium sulphate, 1 part ferrous sulphate and 
i part copper sulphate. Continue the digestion until the mixture is colorless or 
nearly so. After cooling, dilute the contents of the flask with water, add an excess 
of sodium hydroxid solution and distil into standard acid. The distillation may be 
carried out in the digestion flask, or, if preferred, the solution may be transferred to 
a copper flask. CoUect 150 cc. of the distillate and titrate the excess of acid with 
standard alkali. It is suggested that N/10 or N/14 standard solution be used for 
convenience. 

12 Kjeldahl Method. 

Proceed as directed under 11, using 0.7 gram of mercuric oxid or 0.65 gram of 
mercury instead of the salt mixture. Mix immediately and heat over a low flame, 
gradually increasing the heat. Continue the digestion until the mixture is colorless or 
nearly so. After cooling, dilute the contents of the flask, add 25 cc. of potassium 
sulphid solution (40 grains of potassium sulphid in 1 liter of water) and an excess of 
alkali, and proceed with the distillation and titration as directed under 11. 

13 SODIUM CARBONATS FUSION OF TBB 80XL. 

Thoroughly mix on glazed paper 1 gram of soil, ground to an impalpable powder, 
with 5 grams of sodium carbonate. Transfer carefully to a 40 cc. platinum crucible. 
Cover, heat at low redness until fusion begins, then increase the heat until a clear, 
quiet fusion results. Finally, give full heat of M6ker burner for 10 minutes, having 
the flame oblique to insure good oxidation. Pour into a large platinum dish set in 
water. Place the crucible and cover in a wide 200 cc. beaker. Cover with water, 
transfer the infused lump from the platinum dish to the beaker and rinse the dish with 
dilute hydrochloric acid into the beaker. Add 15 cc. of concentrated hydrochloric 
acid to the contents of the beaker, cover, and place upon a steam bath, until the 
fused mass has disintegrated. Transfer the mixture to the platinum dish and evaporate 
to dryness on a steam bath. 
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14 SOJCA. 

Take up the residue from 13 in dilute hydrochloric acid (1 to 10) and filter the mixture 
so obtained (a 9 cm. Biichner funnel with suction may be used advantageously). Wash 
with hot water containing 1-2 cc. of hydrochloric acid per liter. Collect the filtrate and 
washings in a dish, preferably a casserole, and dehydrate on a steam bath until the 
silica assumes a crystalline appearance. Moisten with hydrochloric acid and r^>eat 
the dehydration. Add 5 cc. of concentrated hydrochloric acid and 100 cc. of hot water. 
Mix thoroughly, filter and wash. Add the residue to the main portion of silica obtained 
from the first filtration. Make up the combined filtrate and washings to 500 cc. and 
save for subsequent determinations. Place the two silica residues with filters in a 
porcelain crucible. Ignite slowly at first to bum off filter paper and then with a strong 
flame, preferably a blast lamp, to constant weight. 

15 VBKKIC AHD ALUMDnC AHD TTTAHIC OXIDS AHD PHOSPHORUS. 

To an aliquot of the solution from 14 (50 or 100 cc. according to the probable 
amount of iron present) add ammonium hydroxid, drop by drop, until the precipitate 
formed requires several seconds to dis^lve, thus leaving the solution faintly acid. 
Heat nearly to the boiling point and add sufficient ammonium hydroxid to precipitate 
all iron« alumina, etc. Allow to boil in a covered beaker for about 1 minute, remove 
and if no ammonia is given off (as detected by smelling), add more drop by drop 
until it can be detected. Do not allow the precipitate to settle, but stir and pour on 
the filter. Wash inmiediately with hot water containing ammonium nitrate, using a 
fine jet which is played around the edge of the precipitate, thus cutting it free from the 
paper in order to produce rapid filtration. Wash the precipitate several times, return 
it to the original beaker, dissolve with a few drops of hydrochloric acid and warm. 
Reprecipitate the iron, alumina and phosphoric acid with ammonium hydroxid as above, 
filter and wash until free from chlorids. Reserve the filtrate and washings from both 
the first and second precipitations for the determination of calcium and magneaiitm. 

Dry the precipitate, remove it from the filter, and ignite over a Bunien flame, the 
filter being incinerated separately and the residue added to the precipitate. Then 
ignite to bright redness, cool in a desiccator and weigh as ferric oxid (FetOi), aluminium 
oxid (AlsOi), titanium oxid (TiOs), and phosphorus pentoxid (PtOO* Transfer this 
residue to a flask and digest with several oc. of dilute sulphuric acid (1 to 4), heating 
to accelerate solution. When solution is complete reduce with sine, oool and determine 
ferric olid by titration with N/60 potassium permanganate sohition. 

Or, in lieu of the above, evaporate 50 or 100 cc of the aohitaon from 14 with the 
addition of 10 oc. of sulfuric add until all hydrochlofic add is expelled, dilate with 
water, reduce with zinc and determine ferric oxid by titration with N/50 potassium 
permanganate solution. 

Subtracting the ferric oxid, together vrith the phoephonis pentoxid determined in 
21 or 22, from the collective wdght of ferric, aluminic and titanic oxids and phos- 
phorus pentoxid determined above, gives aluminium and titanium oxids. 

16 CALCIUM. 

Concentrate the combined filtrates and washings from 15 to about 50 cc., cool, 
add ammonium sulphid to predpitate manganese, filter and wash with hot water. 
Evaporate the solution to about 50 cc., make slightly alkaline with ammonium hydroxid 
and add, while still hot, ammonium oxalate solution, drop by drop, so long as any 
precipitate is produced, adding a few cc. in excess to convert the magnesium also into 
oxalate. Heat to boiling, allow to stand for 3 hours or longer, decant the dear solu- 
tion on the filter, pour 15-20 cc. of hot water on the predpitate and again decant the 



316 METHODS OF ANALYSIS [XXIX 

clear solution on the filter. Dissolve the precipitate in the beaker with a few drops 
of hydrochloric acid, add a little water, and repredpitate, boiling hot, by adding am- 
monium hydroxid and a little ammonium oxalate solution. Allow to stand as before 
and filter through the same filter. Wash free from chlorids with hot water. Reserve 
the filtrates and washings from both precipitations for the determination of magnesium 
(17). From this point complete the determination by one of the following methods: 

(1) Ignite the precipitate and determine the calcium as calcium oxid. 

(2) Mix the oxalate precipitate, after incineration of the filter with finely pulverized 
and dried ammonium sulphate and drive off the excess of the sulphate by careful 
heating of the upper portion of the crucible. Complete ignition and weigh as calcium 
sulphate. 

(3) Dissolve the calcium oxalate precipitate from the filter by means of dilute sul- 
phuric acid, collecting the solution in the beaker employed for precipitation, and titrate 
while hot with a standard solution of potassium permanganate. Finally add the filter 
paper to the solution and complete the titration. 

17 liAOHBSIUli. 

Evaporate the combined filtrates and washings from 16 on the water bath to about 
100 oc. and add cautiously 20 cc. of concentrated nitric acid. Evaporate to dryness 
and heat carefully on a hot plate to remove ammonium salts. Add 5 cc. of hydro- 
chloric add and evaporate nearly to dryness. Dissolve the residue in hot water and 
a small amount of hydrochloric acid. If necessary, filter the solution and wash the 
filter paper with about 100 oc. of hot water. Precipitate the magnesium as magnesium 
ammonium phosphate by the addition of 3 cc. of a 10 per cent solution of ammonium 
phosphate and sufficient ammonium hydroxid to make the solution slightly alkaline. 
Stir the solution vigorously. Allow to stand 15 minutes; add 15 cc. of ammonium 
hydroxid and allow the predpitation to proceed overnight. Filter, wash the precipitate 
with 2 per cent ammonium hydroxid solution, transfer to a porcelain crucible, ignite 
and determine as magnesium pyrophosphate (MgiPjO?). The filtration may be made 
through a Gooch. 

MANGANESE. 

18 REAGENTS. 

(a) DikUe nitric acid (i io 4). — Free from brown oxid of nitrogen by aeration. 

(b) Sulphurie acid (1 h 3). 

(C) Dilute sulphurie acid. — Dilute 25 cc. of concentrated add to 1 liter with water. 
Add enough permanganate solution to color faintly the dilute acid. 

(d) Standard manganoui sulphate solution. — Dissolve 0.2877 gram of pure potassium 
permanganate in about 100 cc. of water, acidify the solution with sulphuric acid and 
heat to boiling. Add slowly a sufficient quantity of dilute solution of oxalic add to 
discharge the color. Cool and dilute to 1 liter. One cc. of this solution is equivalent 
to 0.1 mg. of manganese. The standard should be prepared by following the same 
procedure as is used for the sample. This solution is more permanent than a solution 
of potassium permanganate, which may, however, be used. To prepare it dissolve 
0.288 gram of potassium permanganate in water and dilute the solution to 1 liter. 

(e) Sodium bismuthate. — Pure dry salt. 



19 



DETERMINATION. 



Treat 1 gram of the original soil with hydrofiuoric and sulphuric acids. Evaporate 
to dryness, ignite and fuse the residue with potassium pyrosulphate. Dissolve in 
water, add nitric acid and evaporate to dryness. Again dissolve in water, add 
25 cc. of dilute nitric acid (1 to 3), add about 0.5 gram of sodium bismuthate. 
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and heat until the perm9nganate ook>r disappears. Add a few drops of a solution of 
ammonium or sodium bisulphate to dear the solution and again boil to expel oxids of 
nitrogen. Remove from the source of heat, cool to 20°C., again add 0.5 gram of sodium 
bismuthate, and stir. When the maximum permanganate color has developed, filter 
through an alundum or Gooch crucible containing an asbestos mat ignited and washed 
with potassium permanganate. Wash the precipitate with dilute sulphuric acid until 
the washings are colorless. Transfer the filtrate to a colorimeter tube and compare 
the color of it with that of standards prepared from the potassium permanganate 
sohition. To prepare the standards, dilute with sulphuric acid (solution C) portions 
of 0.2, 0.4, 0.6 cc., etc., of the permanganate solution to the same volume as the filtrate. 

20 SULPHITR. 

Evaporate 100 or 200 cc. of the solution from 14 niearly to dryness on a water bath 
to expel the excess of acid, add 400 cc. of water, heat to boiling and add, drop by drop, 
a 10 per cent hot barium chlorid solution until no further precipitation occurs. Con- 
tinue near the boiling point for about 5 minutes, allow to stand for 5 hours or longer 
in a warm place, decant the liquid on a tared Gooch or on an ashless filter, treat the 
precipitate with 15-20 cc. of boiling water, transfer to the filter, and wash free from 
chlorids with boiling water. Dry the filter, ignite over a Bunsen burner, and weigh 
as barium sulphate. 

For the determination of sulphur as sulphates agitate soil with water for 7 hours, 
proceeding otherwise as directed under 30. 

PHOSPHORUS. 

21 Sodium Peraxid Method, 

Place 10 grams of sodium peroxid in an iron or porcelain crucible and thoroughly 
mix with it 5 grams of the soil. If the soil has very little organic matter, add a little 
starch to hasten the action. Heat the mixture carefully by applying the flame of a 
Bunsen burner directly upon the surface of the chaige and the sides of the crucible 
untU the action starts. Cover crucible until reaction is over and keep at a low red 
heat for 15 minutes. Do not allow fusion to take place. By means of a large funnel 
and a stream of hot water, transfer the chaiige to a 500 cc. volumetric fladi, acidify 
with hydrochloric add and boil. Cool and make up to the mark. If the action has taken 
place properly there should be no particles of ondeoomposed soil in the bottom of the 
flask. Allow the silica to settle and draw off 200 cc. of the clear sohition. 

Precipitate the iron, ahiminimn, and phosphonis with ammonittm hydroxid; filter, 
wash several times with hot water, return the precipitate to the beaker, and dissolve 
the precipitate in hot hydrochloric acid, pouring the acid upon the filter to dissolve 
any jMecipitate remaining. Evaporate the sohition and washings to complete dryness 
on a water bath. Take up with dilute hydrochloric add, heating if necessary, and 
remove the silica by filtration. Evaporate filtrate and washings to about 10 cc., add 
2 cc. of concentrated nitric add, and neutralize with ammonium hydroxid. Add nitric 
add, until the solution is dear, avoiding an excess. Heat at 40^-^X. on a water bath, 
add 15 cc. of molybdate solution, keeping at this temperature for 1-2 hours. Let 
stand overnight, filter, and wash free from acid with 0.1 per cent solution of ammonium 
nitrate, and finally once or twice with cold water. Transfer filter to beaker and dis- 
solve in standard potassium hydroxid (1 cc. «= 0.5 mg. phosphorus pentoxid). Titrate 
the excess of potassium hydroxid with standard nitric add, using phenolphthalein as an 
indicator. Or, after adding the 15 cc. of molybdate solution, allow to stand for 3 
hours at a temperature not above fiO^C, filter on a small filter or on a Gooch 
crucible and wash with cold water until 2 fiUings of the filter do not greatly diminish 
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the oolor produced with phenolphthalein by 1 drop of standard alkali. Return ^le 
filter and precipitate to the same beaker used for precipitating the phosphomolybdate, 
disserve the yellow precipitate in standard sodium or potassium hydroxid, add a few 
drops of phenolphthalein solution and titrate excess of alkali with standard acid. One 
cc. of the standard alkali is equivalent to 0.0005 gram of phosphorus pentoxid (PtOt). 

22 Magnesium Nitrate Method, 

Place 5 grams of soil in a porcelain dish. Moisten with 5-7 oc. of magnesium nitrate 
solution. (Dissolve 320 grams of calcined magnesia in nitric acid, avoiding an excess 
of the latter; then add a little calcined magnesia in excess, boil, filter from the excess 
of magnesia, ferric oxid, etc., anci dilute to 2 liters.) Dry on a water bath and bum off 
the organic matter at low redness. Cool, moisten slightly with water, add 10 cc. of 
concentrated hydrochloric acid, and digest for 2 hours on a water bath, keeping the 
dish covered with a watch glass and stirring 2 or 3 times during digestion. Make up 
to 250 cc., mix well, and transfer to a dry folded filter, pouring back on the filter until 
the solution runs through clear. Make the determination on aliquots corresponding 
to 2 or 4 grams of the soil, depending upon the amount of phosphorus present. Dry, 
take up with hydiochloric acid and water and filter, the filtrate and washings not 
exceeding 30-40 cc. Make alkaline with ammonium hydioxid, and dissolve the pre- 
cipitate with concentrated nitric acid, using a slight excess. Add gradually, while 
shaking, 5-15 cc. of molybdate solution, shaking thoroughly. Keep the solution at 
40^-50°C. for an hour, let stand overnight at room temperature, filter and wash well 
with cold water. Return filter and precipitate to the same flask and determine phos- 
phorus volumetrically, as directed under 21. 

23 poTAssnrif Ain> sodiums 

Triturate gently 0.5 or 1 gram oi the finely ground soil with 1 gram of dry ammo- 
nium chlorid in a smooth mortar, then add 8 parts of calcium oarbonate and mix 
intimately. Transfer the mixture to a platinum crucible, rinsing the oMMtar with a 
little calciumi carbonate. Heat the crucible gradually until fumes of ammonium salts 
no longer appear, and continue until the fewer tfaree^onrths only of the crucible toe 
brought to a red heat. Maintain this temperature 40-60 minutes. The temperature 
should be sufficient to keep the calcium chlorid formed by the reaction of ammonium 
chlorid with calcium carbonate in a state of fusion. The mass, however, does not become 
liquid since the fused calcium ohlorid is absorbed by the large quantity of calcium 
carbonate present. If the silicate is fused by the application of too strong heat, dis- 
integration of the mass at the end of the operation with water can not be effected. 
Moreover, too high a temperature causes volatilisation of alkali chlorids. The mass 
contracts in volume during the ignition, and is usually easily detached from the crucible. 
Transfer the fused mass to a porcelain dish, slake with hot water, and grind thoroughly 
with an agate pestle. After washing 5 times by deoantation with hot water, transfer to 
a filter and wash well, 300 cc. of wash water being sufficient. To the filtrate add am- 
monium carbonate solution to precipitate the calcium and any magnesium present. 
Allow to settle, decant the supeniatant liquid into a porcelain (or platinum) dish and 
concentrate by evaporation, finally transferring the precipitate to the dish. When the 
volume is reduced to about 30 cc., add a little ammonium carbonate and ammonium 
hydroxid, heat, filter into a porcelain (or platinum) dish, evaporate the filtrate to dry- 
ness on a water bath and expel ammonium salts by ignition. Dissolve the residual 
alkali chlorids in 3-^5 cc. of water; a little black or brown flocculent matter usually 
remains undissolved, while the solution may also contain traces of calcium. Add 2-^ 
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drops of ammonium carbonate solution and ammcMiium hydroxid, warm and filter 
thiough a small filter into a weigfaed platinum dish. Evaporate to dryness on a water 
bath, carefully heat the residual alkali ohloridB to indpiont fusion, cool and weigh as 
sodium and potassium chlorids. Dissolve the combined chlorids in 30 cc. of water, add 
1.5 cc. of platinic chlorid solution (10 cc. contains 1 gram of platinum) evaporate to a 
sirupy consistency, and add 15 cc. of 2,25 N acidulated alcohol (prepared by passing 
hydrochloric acid gas into a mixture of 2000 cc. of 95 per cent alcohol and 152 cc. of 
hydrochloric acid, sp. gr. 1.20). Filter through a small filter, wash free from platinum 
salts with 80 per cent alcohol, then with ammonium dilorid solution (100 grams of 
ammoniora chlorid in 500 cc. of water saturated with potassium platinic chlorid), and 
finally with 80 per cent alcohol. Dry the precipitate oa the filter, dissolve, and wash 
the precipitate through the filter with hot water into a weighed platinum dish, using 
suction. Evaporate to dryness, heat in a drying oven for an hour at 120''C., cool in a 
desiccator, weigh and calculate to potassium oxid (KjO). Calculate the potassium oxid 
to potassium chlorid and deduct from the weight of combined sodium and potassium 
chlorids to obtain sodium chlorid. 

24 QUAUTATIVB TEST FOR ^IL RSACTION-UTMTTS PAPBiL 

Place approximately 50 grams of air-dry soil in a small porcelain evaporating dish 
freshly rinsed with water. Add water and mix to a thick paste. By means of forceps, 
lay upon this a strip of the best grade litmus paper. Press firmly against the soil by 
means of a clean spatula or glass rod, keeping the upper surface of the paper free from 
soil. Protect and permit to stand for 30 minutes, then note the color of the litmus 
paper. 

NITRATE IflTROGBIT. 

25 PREPABATION OF SOLUHON. 

Place 100 grams of air dry soil in a mortar or porcelain evaporating dish, add with 
constant stirring 1 gram of lime and 2(X) cc. of water. Allow to setUe for 10-20 minutes 
and filter, making sure that a clear filtrate is obtained. If the filtrate contains 6 parts 
of chlorin per million or less, proceed as in 27; if it contains more than 6 parts of chlorin 
per million, proceed as in 29. 

Method fw Soil Solutions Containing LitUe Chlorin. 

26 REAGENTS. 

(a) PhenMiivdphonie acid soluiion. — Dissolve 25 grams of pure white phenol in 
150 cc. of concentrated sulphuric acid, add 75 cc. of fuming sulphuric acid (13-15 per 
cent SOi) and heat at 100°C. for 2 hours. 

(b) standard nitrate soluiion, — Dissolve 0.722 gram of pure potassium nitrate in 1 
liter of nitrate^free water. Evaporate 50 cc. of this solution to dryness in a porcelain 
dish; treat with 2 cc. of the phenoldisulphonic acid solution, rubbing with a glass rod 
to insure intimate contact. Dilute to 500 cc. One cc. is equivalent to 0.01 mg. of 
nitrogen as nitrate. This solution is permanent. Standards for comparison are pre- 
pared by adding ammonium hydroxid to measured volumes of it in 100 cc. Nessler 
tubes. 



27 



DETERMINATION. 



Evaporate 25 cc. of the solution, prepared as directed under 25, on a water bath. 
Cool, and add 2 cc. of the phenoldisulphonic acid solution. Triturate thoroughly 
with a clean glass rod, add 25 cc. of water and strong ammonium hydroxid or potassium 
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hydfoxid, drop by drop, with constant stirring, until a permanent yelkm color is 
obtained. Compare the solution in a colorimeter with a standard solution prepared 
in a similar manner to the unknown. Record as nitrogen in the form of nitrate. 

Method for Soil Soluiions Containing Considerable Chlorin, 

28 REAGENTS. 

(a) Aluminium foU, — ^This reagent should be the purest obtainable. Cut into 
strips about 10 cm. long, weighing about 0.5 gram. 

(b) Sodium or potassium hydroxid solution, — Dissolve 250 grams of the purest 
hydroxid obtainable in 1250 oc. of water. Add 2 or 3 strips of aluminium foil, (a), 
and let stand about 12 hours. Concentrate the solution to 1 liter by boiling. 
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DETERMINATION. 



Place 25 cc. of soil solution, prepared as directed under 25, or such a quantity as con- 
tains 0.1 milligram or less of nitrogen in the form of nitrate, in a 300 oc. casserole. 
Add 2 cc. of the sodium hydroxid solution and concentrate by boiling to about one- 
third the original volume. Transfer to a 100 cc. test tube, using nitrogen-free water, 
diluting, if necessary, to a volume of about 75 cc. Prepare a blank (preferably several 
blanks, since the nitrogen impurity in aluminium is often distributed unevenly) by 
placing about 75 cc. of nitrogen-free water and 2 cc. of the sodium hydroxid in 
a 100 cc. test tube. Place a strip of aluminium foil in each tube. Close the mouths 
of the test tubes with rubber stoppers connected by means of bent glass tubes with 
other test tubes containing about 50 cc. of slightly acidified ammonia-free water. Allow 
sample and blank to stand at room temperature for 12 hours or until reduction is com- 
plete. Nesslerize the traps. If high in ammonia, indicated by frothing over of the 
sample, the determination should be discarded. If the traps contain the equivalent 
of only 1-2 cc. of standard ammonia solution each, they should be disregarded. Trans 
fer sample and blank to distilling flasks using 250 cc. of ammonia-free water for each- 
distil, nesslerize and compare with standard's. Subtract the amount of nitrogen in 
the blank from that found in the sample. Calculate the mg. per liter of nitrogen in 
the form of nitrate. 

30 ALKAU SALTS. 

To 100 grams of soil in a 500 cc. bottle, add 250 cc. of water. Stopper, shake thor- 
oughly and allow to stand overnight. Filter through a Pasteur-Chamberland filter. 
Evaporate 50 cc. of the filtrate in a platinum dish on a steam bath to dryness. Ignite 
at a low red heat to drive off organic matter. Cool in a desiccator and weigh for total 
salts. Then dissolve the residue in the platinum dish in 10-15 cc. of hot water. Make 
up to 40 cc. in a graduated cylinder. Take 10 cc. for titration with N/10 silver nitrate; 
10 cc. for titration with N/10 hydrochloric acid for sodium carbonate. Determine 
sulphates by difference. When much gypsum is present, the solution of the salts in 
hot water must be filtered through a small filter, the gypsum weighed separately, and 
subtracted from the total amount of sulphates. 
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XXX. REFERENCE TABLES. 

1 MuNSON AND .Walker's Table. 

For calculating dextrose, invert sugar alonct invert sugar in the presence of sucrose 

(0.4 gram and 2 grams total sugar), lactose (two forms), and maUose (anhydrous and 

crystallized). 

[ExpresBed in mflligrams.} 
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247.4 


260.4 


315 


316 


280.7 


145.2 


149.6 


148.6 


142.4 


207.0 


217.9 


248.2 


261.2 


316 


317 


281.6 


145.7 


150.1 


149.1 


143.0 


207.7 


218.6 


249.0 


262.1 


317 


318 


282.5 


146.2 


150.7 


149.6 


143.5 


208.4 


219.3 


249.8 


262.9 


318 


3ig 


283.4 


146.7 


151.2 


150.1 


144.0 


209.0 


220.0 


260.6 


263.7 


319 


320 


284.2 


147.2 


151.7 


150.7 


144.5 


209.7 


220.7 


251.3 


264.6 


320 


321 


285.1 


147.7 


152.2 


161.2 


145.0 


210.4 


221.4 


252.1 


265.4 


321 


322 


286.0 


148.2 


152.7 


151.7 


146.5 


211.0 


222.2 


252.9 


266.2 


322 


323 


286.9 


148.7 


153.2 


152.2 


146.0 


211.7 


222.9 


253.7 


267.1 


323 


324 


287.8 


149.2 


153.7 


152.7 


146.6 


212.4 


223.6 


254.5 


267.9 


324 


325 


288.7 


149.7 


154.3 


153.2 


147.1 


213.1 


224.3 


256.3 


268.? 


325 


326 


289.6 


150.2 


154.8 


153.8 


147.6 


213.7 


226.0 


256.1 


269.6 


326 


327 


290.5 


150.7 


155.3 


154.3 


148.1 


214.4 


225.7 


256.9 


270.4 


327 


328 


291.4 


151.2 


156.8 


154.8 


148.6 


215.1 


226.4 


257.7 


271.2 


328 


329 


292.2 


151.7 


166.3 


155.3 


149.1 


216.8 


227.1 


258.5 


272.1 


329 


330 


293.1 


152.2 


156.8 


155.8 


149.7 


216.4 


227.8 


259.3 


272.9 


330 


331 


294.0 


152.7 


157.3 


156.4 


150.2 


217.1 


228.5 


260.0 


273.7 


331 


332 


294.9 


153.2 


157.9 


156.9 


150.7 


217.8 


229.2 


260.8 


274.6 


.332 


333 


295.8 


153.7 


158.4 


157.4 


151.2 


218.4 


230.0 


261.6 


275.4 


333 


334 


296.7 


154.2 


158.9 


157.9 


151.7 


219.1 


230.7 


262.4 


276.2 


334 


335 


297.6 


154.7 


159.4 


158.4 


152.3 


219.8 


231.4 


263.2 


277.0 


335 


336 


298.5 


155.2 


159.9 


159.0 


152.8 


220.5 


232.1 


264.0 


277.9 


336 


337 


299.3 


155.8 


160.5 


159.5 


153.3 


221.1 


232.8 


264.8 


278.7 


337 


338 


300.2 


156.3 


161.0 


160.0 


153.8 


221.8 


233.5 


265.6 


279.5 


338 


339 


301.1 


156.8 


161.5 


160.5 


164.3 


222.5 


234.2 


266.4 


280.4 


339 


340 


302.0 


157.3 


162.0 


161.0 


154.8 


223.2 


234.9 


267.1 


281.2 


340 


341 


302.9 


157.8 


162.6 


161.6 


156.4 


223.8 


235.6 


267.9 


282.0 


341 


342 


303.8 


158.3 


163.1 


162.1 


156.9 


224.5 


236.3 


268.7 


282.9 


342 


343 


304.7 


158.8 


163.6 


162.6 


156.4 


225.2 


237.0 


269.5 


283.7 


343 


344 


305.6 


169.3 


164.1 


163.1 


156.9 


225.9 


237.8 


270.3 


284.6 


344 


345 


306.5 


159.8 


164.6 


163.7 


157.5 


226.5 


238.5 


271.1 


285.4 


345 


346 


307.3 


160.3 


165.1 


164.2 


158.0 


227.2 


239.2 


271.9 


286.2 


346 


347 


308.2 


160.8 


165.7 


164.7 


158.5 


227.9 


239.9 


272.7 


287.0 


347 


348 


309.1 


161.4 


166.2 


165.2 


159.0 


228.5 


240.6 


273.5 


287.9 


348 


349 


310.0 


161.9 


166.7 


165.7 


159.5 


229.2 


241.3 


274.3 


288.7 


349 


350 


310.9 


162.4 


167.2 


166.3 


160.1 


229.9 


242.0 


275.0 


289.5 


350 


351 


311.8 


162.9 


167.7 


166.8 


160.6 


230.6 


242.7 


275.8 


290.4 


351 


352 


312.7 


163.4 


168.3 


167.3 


161.1 


231.2 


243.4 


276.6 


291.2 


352 


353 


313.6 


163.9 


168.8 


167.8 


161.6 


231.9 


244.1 


277.4 


292.0 


353 


354 


314.4 


164.4 


169.3 


168.4 


162.2 


232.6 


244.8 


278.2 


292.8 


354 


355 


315.3 


164.9 


169.8 


168.9 


162.7 


233.3 


245.6 


279.0 


293.7 


355 


356 


316.2 


165.4 


170.4 


169.4 


163.2 


233.9 


246.3 


279.8 


294.5 


356 


357 


317.1 


166.0 


170.9 


170.0 


163.7 


234.6 


247.0 


280.6 


295.3 


357 


358 


318.0 


166.5 


171.4 


170.5 


164.3 


235.3 


247.7 


281.4 


296.2 


358 


359 


318.9 


167.0 


171.9 


171.0 


164.8 


236.0 


248.4 


282.2 


297.0 


359 
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MuNSON AND Walker's Table. — Contiaued. 





















s 




I 

Q 




INVKRT SUGAR AND 


LACTOSE 


MALTOSE 


f 


^ 

^ 






sue ROSE 










3 
O 


-3 


« 


1 
S 


3 


1 


9, 

X 


.4 


s 

MB 


9 

1 


3 

i 

e. 
s 


1 


at 

i 

i 


h 

■ 

o 


2 grains 
sugar 


1 






% 


! 

8 


360 


319.8 


167.5 


172,5 


171.5 


165.3 


236.7 


249.1 


882.9 


297.8 


360 


361 


320.7 


168.0 


173.0 


172.1 


165.8 


237.3 


249.8 


283.7 


298.7 


361 


362 


321.6 


168.5 


173.5 


172.6 


166.4 


238.0 


250.6 


284.5 


299.6 


362 


363 


322.4 


169.0 


174.0 


173.1 


166.9 


238.7 


251.2 


285.3 


300.3 


363 


364 


323.3 


169.6 


174.6 


173.7 


167.4 


239.4 


252.0 


286.1 


301.2 


364 


365 


324.2 


170.1 


175.1 


174.2 


167.9 


240.0 


252.7 


286.9 


302.0 


365 


366 


325.1 


170.6 


175.6 


174.7 


168.6 


240.7 


253.4 


287.7 


302.8 


366 


367 


326.0 


171.1 


176.1 


175.2 


169.0 


241.4 


254.1 


288.6 


303.6 


367 


368 


326.9 


171.6 


176.7 


175.8 


169.6 


242.1 


254.8 


289.3 


304.6 


368 


369 


327.8 


172.1 


177.2 


176.3 


170.0 


242.7 


256.6 


290.0 


305.3 


369 


370 


328.7 


172.7 


177-7 


176.8 


170.6 


243.4 


256.2 


290.8 


306.1 


370 


371 


329.5 


173.2 


178.3 


177.4 


171.1 


244.1 


266.9 


291.6 


307.0 


371 


372 


330.4 


173.7 


178.8 


177.9 


171.6 


244.8 


267.7 


292.4 


307.8 


372 


373 


331.3 


174.2 


179.3 


178.4 


172.2 


245.4 


258.4 


293.2 


308.6 


373 


374 


332.2 


174.7 


179.8 


179.0 


172.7 


246.1 


269.1 


294.0 


309.5 


374 


376 


333.1 


176.3 


180.4 


179.5 


173.2 


246.8 


259.8 


294.8 


310.3 


376 


376 


334.0 


175.8 


180.9 


180.0 


173.7 


247.6 


260.6 


296.6 


311.1 


376 


377 


334.9 


176.3 


181.4 


180.6 


174.3 


248.1 


261.2 


296.^ 


312:0 


377 


378 


335.8 


176.8 


182.0 


181.1 


174.8 


248.8 


261.9 


297.2 


312.8 


378 


379 


336.7 


177.3 


182.5 


181.6 


175.3 


249.6 


262.6 


297.9 


313.6 


379 


380 


337.6 


177.9 


183.0 


182.1 


176.9 


250.2 


263.4 


298.7 


314.5 


380 


381 


338.4 


178.4 


183.6 


182.7 


176.4 


250.8 


264.1 


299.6 


316.3 


381 


382 


339.3 


178.9 


184.1 


183.2 


176.9 


251.6 


264.8 


300.3 


316.1 


382 


383 


340.2 


179.4 


184.6 


183.8 


177,6 


252.2 


266.6 


301.1 


316.9 


383 


384 


341.1 


180.0 


185.2 


184.3 


178.0 


252.9 


266.2 


301.9 


317.8 


384 


385 


342.0 


180.5 


185.7 


184.8 


178.5 


253.6 


266.9 


302.7 


318.6 


385 


386 


342.9 


181.0 


186.2 


185.4 


179.1 


254.2 


267.6 


303.6 


319.4 


386 


387 


343.8 


181.5 


186.8 


185.9 


179.6 


254.9 


268.3 


304.2 


320.3 


387 


388 


344.6 


182.0 


187.3 


186.4 


180.1 


256.6 


269.0 


306.0 


321.1 


388 


389 


345.5 


182.6 


187.8 


187.0 


180.6 


256.3 


269.8 


306.8 


321.9 


389 


390 


346.4 


183.1 


188.4 


187.5 


181.2 


256.9 


270.6 


306.6 


322.8 


390 


391 


347.3 


183.6 


188.9 


188.0 


181.7 


257.6 


271.2 


307.4 


323.6 


391 


392 


348.2 


184.1 


189.4 


188.6 


182.3 


258.3 


271.9 


308.2 


324.4 


392 


393 


349.1 


184.7 


190.0 


189.1 


182.8 


259.0 


272.6 


309.0 


325.2 


393 


394 


350.0 


185.2 


190.5 


189.7 


183.3 


259.6 


273.3 


309.8 


326.1 


394 


395 


350.9 


185.7 


191.0 


190.2 


183.9 


260.3 


274.0 


310.6 


326.9 


395 


396 


351.8 


186.2 


191.6 


190.7 


184.4 


261.0 


274.7 


311.4 


327.7 


396 


397 


352.6 


186.8 


192.1 


191.3 


184.9 


261.7 


275.5 


312.1 


328.6 


397 


398 


353.5 


187.3 


192.7 


191.8 


185.5 


262.3 


276.2 


312.9 


329.4 


398 


399 


354.4 


187.8 


193.2 


192.3 


186.0 


263.0 


276.9 


313.7 


330.2 


399 


400 


355.3 


188.4 


193.7 


192.9 


186.5 


263.7 


277.6 


314.6 


331.1 


400 


401 


356.2 


188.9 


194.3 


193.4 


187.1 


264.4 


278,3 


315.3 


331.9 


401 


402 


357.1 


189.4 


194.8 


194.0 


187.6 


265.0 


279.0 


316.1 


332.7 


402 


403 


35ao 


189.9 


195.4 


194.5 


188.1 


265.7 


279.7 


316.9 


333.6 


403 


404 


358.9 


190.5 


195.9 


195.0 


188.7 


266.4 


280.4 


317.7 


334.4 


404 
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pcxx 
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MuNsorr 


AND Waucer's Table. — Continued. 














(Exprcand in mflUgraMi.] 










1 




/— » 




I»rVBRT 8UOA1I AND 
817CIIO0B 


UiCTOBB 


MALTOSE 
















3 


1 


9 


1 


1 


m 


1 




? 


•m 




a 




a 


i 


§ 


s 

i 


• 


C4 


i 

6 


i 


u 




1 

8 


405 


350.7 


191.0 


196.4 


195.6 


189.2 


267.1 


281.1 


318.5 


335.2 


405 


406 


360.6 


191.5 


197.0 


196.1 


189.8 


267.8 


281.9 


319.2 


336.0 


406 


407 


361.5 


192.1 


197.5 


196.7 


190.3 


268.4 


282.6 


320.0 


336.9 


407 


406 


362.4 


192.6 


198.1 


197.2 


190.8 


269.1 


283.3 


320.8 


337.7 


408 


409 


363.3 


193.1 


198.6 


197.7 


191.4 


269.8 


284.0 


321.6 


338.5 


409 


410 


364.2 


193.7 


199.1 


198.3 


191.9 


270.5 


284.7 


322.4 


339.4 


410 


411 


365.1 


194.2 


199.7 


198.8 


192.5 


271.2 


285.4 


323.2 


340.2 


411 


412 


366.0 


194.7 


200.2 


199.4 


193.0 


271.8 


286.2 


324.0 


341.0 


412 


413 


366.9 


195.2 


200.8 


199.9 


193.5 


272.5 


286.9 


324.8 


341.9 


413 


414 


367.7 


195.8 


201.3 


200.5 


194.1 


273.2 


287.6 


325.6 


342.7 


414 


415 


368.6 


196.3 


201.8 


201.0 


194.6 


273.9 


288.3 


326.3 


343.5 


415 


416 


369.5 


196.8 


202.4 


201.6 


195.2 


274.6 


289.0 


327.1 


344.4 


416 


417 


370.4 


197.4 


202.9 


202.1 


195.7 


275.2 


289.7 


327.9 


345.2 


417 


418 


371.3 


197.9 


203.5 


202.6 


196.2 


275.9 


290.4 


328.7 


346.0 


418 


419 


372.2 


198.4 


204.0 


203.2 


196.8 


276.6 


291.2 


329.5 


346.8 


419 


420 


373.1 


199.0 


204.6 


203.7 


197.3 


277.3 


291.9 


330.3 


347.7 


420 


421 


374.0 


199.5 


205.1 


204.3 


197.9 


277.9 


292.6 


331.1 


348.5 


421 


422 


374.8 


200.1 


205.7 


204.8 


198.4 


278.6 


293.3 


331.9 


349.3 


422 


423 


375.7 


200.6 


206.2 


205.4 


198.9 


279.3 


294.0 


332.7 


350.2 


423 


424 


376.6 


201.1 


206.7 


205.9 


199.5 


280.0 


294.7 


333.4 


351.0 


424 


425 


377.5 


201.7 


207.3 


206.5 


200.0 


280.7 


295.4 


334.2 


351.8 


425 


426 


378.4 


202.2 


207.8 


207.0 


200.6 


281.3 


296.2 


335.0 


352.7 


426 


427 


379.3 


202.8 


208.4 


207.6 


201.1 


282.0 


296.9 


335.8 


353.5 


427 


428 


380.2 


203.3 


208.9 


208.1 


201.7 


282.7 


297.6 


336.6 


354.3 


428 


429 


381.1 


203.8 


209.5 


208.7 


202.2 


283.4 


298.3 


337.4 


355.1 


429 


430 


382.0 


204.4 


210.0 


209.2 


202.7 


284.1 


299.0 


338.2 


356.0 


430 


431 


382.8 


204.9 


210.6 


209.8 


203.3 


284.7 


299.7 


339.0 


356.8 


431 


432 


383.7 


205.5 


211.1 


210.3 


203.8 


285.4 


300.5 


339.7 


357.6 


432 


433 


384.6 


206.0 


211.7 


210.9 


204.4 


286.1 


301.2 


340.5 


358.5 


433 


434 


385.5 


206.5 


212.2 


211.4 


204.9 


286.8 


301.9 


341.3 


359.3 


434 


435 


386.4 


207.1 


212.8 


212.0 


205.5 


287.5 


302.6 


342.1 


360.1 


435 


436 


387.3 


207.6 


213.3 


212.5 


206.0 


288.1 


303.3 


342.9 


361.0 


436 


437 


388.2 


208.2 


213.9 


213.1 


206.6 


288.8 


304.0 


343.7 


361.8 


437 


438 


389.1 


208.7 


214.4 


213.6 


207.1 


289.5 


304.7 


344.5 


362.6 


438 


439 


390.0 


209.2 


215.0 


214.2 


207.7 


290.2 


305.5 


345.3 


363.4 


439 


440 


cUtO.o 


209.8 


215.5 


214.7 


208.2 


290.9 


306.2 


346.1 


364.3 


440 


441 


391.7 


210.3 


216.1 


215.3 


208.8 


291.5 


306.9 


346.8 


365.1 


441 


442 


392.6 


210.9 


216.6 


215.8 


209.3 


292.2 


307.6 


347.6 


365.9 


442 


443 


393.5 


211.4 


217.2 


216.4 


209.9 


292.9 


308.3 


348.4 


300.8 


443 


444 


394.4 


212.0 


217.8 


216.9 


210.4 


293.6 


309.0 


349.2 


367.6 


444 


445 


395.3 


212.5 


218.3 


217.5 


211.0 


294.2 


309.7 


350.0 


368.4 


445 


446 


396.2 


213.1 


218.9 


218.0 


211.5 


294.9 


310.5 


350.8 


369.3 


446 


447 


397.1 


213.6 


219.4 


218.6 


212.1 


295.6 


311.2 


351.6 


370.1 


447 


448 


397.9 


214.1 


220.0 


219.1 


212.6 


296.3 


311.9 


352.4 


370.9 


448 


449 


398.8 


214.7 


220.5 


219.7 


213.2 


297.0 


312.6 


353.2 


371.7 


449 
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MuNSON AND Walker's Tablb. — Concluded. 














[Expressed in milligrams.) 






• 




? 

4 








INVBBT SUOAB AND 
8UCR08B 


LACTOSE 


MALTOSB 


f 


9 


m 

O 












i 




M 

o 


3 

Be 

1 




H 
C 
M 
> 


2 grams tota 
sugar 




1 

i 

a 


■a 
u 


s 

i 

8 
O 


a 



1 


450 


399.7 


215.2 


221.1 


220.2 


213.7 


297.6 


313.3 


353.9 


372.6 


460 


451 


400.6 


215.8 


221.6 


220.8 


214.3 


298.3 


314.0 


354,7 


373.4 


461 


452 


401.5 


216.3 


222.2 


221.4 


214.8 


299.0 


314.7 


355.5 


374.2 


452 


453 


402.4 


216.9 


222.8 


221.9 


215.4 


299.7 


315.5 


366.3 


376.1 


453 


454 


403.3 


217.4 


223.3 


222.5 


216.9 


300.4 


316.2 


357.1 


376.9 


454 


455 


404.2 


218.0 


223.9 


223.0 


216.5 


301.1 


316.9 


367.9 


376.7 


456 


456 


405.1 


218.5 


224.4 


223.6 


217.0 


301.7 


317.6 


358.7 


377.6 


466 


457 


405.9 


219.1 


225.0 


224.1 


217.6 


302.4 


318.3 


369.6 


378.4 


467 


458 


406.8 


219.6 


225.5 


224.7 


218.1 


303.1 


319.0 


360.3 


379.2 


458 


459 


407.7 


220.2 


226.7 


225.3 


218.7 


303.8 


319.8 


361.0 


380.0 


469 


460 


408.6 


220.7 


226.7 


226.8 


219.2 


304.5 


320.6 


361.8 


380.9 


460 


461 


409.5 


221.3 


227.2 


226.4 


219.8 


306.1 


321.2 


362.6 


381.7 


461 


462 


410.4 


221.8 


227.8 


226.9 


220.3 


306.8 


321.9 


363.4 


382.6 


462 


463 


411.3 


222.4 


228.3 


227.6 


220.9 


306.6 


322.6 


364.2 


383.4 


463 


464 


412.2 


222.9 


228.9 


228.1 


221.4 


307.2 


323.4 


365.0 


384.2 


464 


465 


413.0 


223.5 


229.5 


228.6 


222.0 


307.9 


324.1 


366.8 


385.0 


465 


466 


413.9 


224.0 


230.0 


229.2 


222.6 


306.6 


324.8 


366.6 


385.9 


466 


467 


414.8 


224.6 


230.6 


229.7 


223.1 


309.2 


326.6 


367.3 


386.7 


467 


468 


415.7 


225.1 


231.2 


230.3 


223.7 


309.9 


326.2 


368.1 


387.6 


468 


469 


416.6 


226.7 


231.7 


230.9 


224.2 


310.6 


326.9 


368.9 


388.3 


469 


470 


417.6 


226.2 


232.3 


231.4 


224.8 


311.3 


327.7 


369,7 


389.2 


470 


471 


418.4 


226.8 


232.8 


232.0 


225.3 


312.0 


328.4 


370.5 


390.0 


471 


472 


419.3 


227.4 


233.4 


233.4 


226.9 


312.6 


329.1 


371.3 


390.8 


472 


473 


420.2 


227.9 


234.0 


233.1 


226.4 


313.3 


329.8 


372.1 


391.7 


473 


474 


421.0 


228.5 


234.5 


233.7 


227.0 


314.0 


330.6 


372.9 


392.6 


474 


475 


421.9 


229.0 


235.1 


234.2 


227.6 


314.7 


331.3 


373.7 


393.3 


475 


476 


422.8 


229.6 


235.7 


234.8 


228.1 


315.4 


332.0 


374.4 


394.2 


476 


477 


423.7 


230.1 


236.2 


235.4 


228.7 


316.1 


332.7 


375.2 


396.0 


477 


478 


424.6 


230.7 


236.8 


236.9 


229.2 


316.7 


333.4 


376.0 


396.8 


478 


479 


425.5 


231.3 


237.4 


236.5 


229.8 


317.4 


334.1 


376.8 


396.6 


479 


480 


426.4 


231.8 


237.9 


237.1 


230.3 


318.1 


334.8 


377.6 


397.6 


480 


481 


427.3 


232.4 


238.5 


237.6 


230.9 


318.8 


335.6 


378.4 


398.3 


481 


482 


428.1 


232.9 


239.1 


238.2 


231.5 


319.5 


336.3 


379.2 


399.1 


482 


483 


429.0 


233.5 


239.6 


238.8 


232.0 


320.1 


337.0 


380.0 


400.0 


483 


484 


429.9 


234.1 


240.2 


239.3 


232.6 


320.8 


337.7 


380.7 


400.8 


484 


485 


430.8 


234.6 


240.8 


239.9 


233.2 


321.5 


338.4 


381.5 


401.6 


485 


486 


431.7 


235.2 


241.4 


240.5 


233.7 


322.2 


339.1 


382.3 


402.4 


486 


487 


432.6 


235.7 


241.9 


241.0 


234.3 


322.9 


339.9 


383.1 


403.3 


487 


488 


433.5 


236.3 


242.6 


241.6 


234.8 


323.6 


340.6 


383.9 


404.1 


488 


489 


434.4 


236.9 


243.1 


242.2 


235.4 


324.2 


341.3 


384.7 


404.9 


489 


490 


435.3 


237.4 


243.6 


242.7 


236.0 


324.9 


342.0 


385.5 


405.8 


490 
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methods op analysis 

Kji6ber*s Taslb. 

For Determining Pentoses and Pentosans, 

[Expressed In grams.] 



[XXX 



fxiufdiial 


rURFURAL 


AAABINOSB 


ARABAN 


XYLOSB 


XYLAN 


PBNT08B 


PENTOSAN 


PHLOBOOLVCID 
















0.030 


0.0182 


0.0391 


0.0344 


0.0324 


0.0285 


0.0358 


0.0316 


0.031 


0.0188 


0.0402 


0.0354 


0.0333 


0.0293 


0.0368 


0.0324 


0.032 


0.0193 


0.0413 


0.0363 


0.0342 


0.0301 


0.0378 


0.0333 


0.033 


0.0198 


0.0424 


0.0373 


0.0352 


0.0309 


0.0388 


0.0341 


0.034 


0.0203 


0.0435 


0.0383 


0.0361 


0.0317 


0.0398 


0.0350 


0.035 


0.0209 


0.0446 


0.0393 


0.0370 


0.0326 


0.0408 


0.0359 


0.036 


0.0214 


0.0457 


0.0402 


0.0379 


0.0334 


0.0418 


0.0368 


0.037 


0.0219 


0.0468 


0.0412 


0.0388 


0.0342 


0.0428 


0.0377 


0.038 


0.0224 


0.0479 


0.0422 


0.0398 


0.0350 


0.0439 


0.0386 


0.039 


0.0229 


0.0490 


0.0431 


0.0407 


0.0358 


0.0449 


0.0395 


0.040 


0.0235 


0.0501 


0.0441 


0.0416 


0.a366 


0.0459 


0.0404 


0.041 


0.0240 


0.0512 


0.0451 


0.0425 


0.0374 


0.0469 


0.0413 


0.042 


0.0245 


0.0523 


0.0460 


0.0434 


0.0382 


0.0479 


0.0422 


0.043 


0.0250 


0.0534 


0.0470 


0.0443 


0.0390 


0.0489 


0.0431 


0.044 


0.0255 


0.0545 


0.0480 


0.0462 


0.0398 


0.0499 


0.0440 


0.045 


0.0260 


0.0556 


0.0490 


0.(M62 


0.0406 


0.0509 


0.0448 


0.046 


0.0266 


0.0567 


0.0499 


0.0471 


0.0414 


0.0519 


0.0457 


0.047 


0.0271 


0.0578 


0.0509 


0.0480 


0.0422 


0.0529 


0.0466 


0.048 


0.0276 


0.0589 


0.0519 


0.0489 


0.0430 


0.0539 


0.0475 


0.049 


0.0281 


0.0600 


0.0528 


0.0498 


0.0438 


0.0549 


0.0484 


0.050 


0.0286 


0.0611 


0.0,538 


0.0507 


0.0446 


0.0559 


0.(M92 


0.051 


0.0292 


0.0622 


0.0.548 


0.0516 


0.0454 


0.0569 


0.0501 


0.052 


0.0297 


0.0633 


0.0557 


0.0525 


0.0462 


0.0579 


0.0510 


0.053 


0.0302 


0.0644 


0.0567 


0.0534 


0.0470 


0.0589 


0.0519 


0.054 


0.0307 


0.0655 


0.0576 


0.0543 


0.0478 


0.0599 


0.0528 


0.055 


0.0312 


0.0666 


0.0586 


0.0553 


0.0486 


0.0610 


0.a537 


0.056 


0.0318 


0,0677 


0.0596 


0.0562 


0.0494 


0.0620 


0.0546 


0.057 


0.0323 


0.0688 


0.0605 


0.0571 


0.0502 


0.0630 


0.0555 


0.058 


0.0328 


0.0699 


0.0615 


0.0580 


0.0510 


0.0640 


0.0564 


0.059 


0.0333 


0.0710 


0.0624 


0.0589 


0.0518 


0.0650 


0.0573 


0.060 


0.0338 


0.0721 


0.0634 


0.0598 


0.0526 


0.0660 


0.0581 


0.061 


0.0344 


0.0732 


0.0644 


0.0607 


0.0534 


0.0670 


0.0590 


0.062 


0.0349 


0.0743 


0.0653 


0.0616 


0.0542 


0.0680 


0.0599 


0.063 


0.0354 


0.0754 


0.0663 


0.0626 


0.0550 


0.0690 


0.0608 


0.064 


0.0359 


0.0765 


0.0673 


0.0635 


0.0568 


0.0700 


0.0617 


0.065 


0.0364 


0.0776 


0.0683 


0.0644 


0.0567 


0.0710 


0.0625 


0.066 


0.0370 


0.0787 


0.0692 


0.0653 


0.0575 


0.0720 


0.0634 


0.067 


0.0375 


0.0798 


0.0702 


0.0662 


0.0583 


0.0730 


0.0643 


0.068 


0.0380 


0.0809 


0.0712 


0.0672 


0.0591 


0.0741 


0.0652 


0.069 


0.0385 


0.0820 


0.0721 


0.0681 


0.0599 


0.0751 


0.0661 


0.070 


0.0390 


0.0831 


0.0731 


0.0690 


0.0607 


0.0761 


0.0670 


0.071 


0.0396 


0.0842 


0.0741 


0.0699 


0.0615 


0.0771 


0.0679 


0.072 


0.0401 


0.0853 


0.0750 


0.0708 


0.0623 


0.0781 


0.0688 


0.073 


0.0406 


0.0864 


0.0760 


0.0717 


0.0631 


0.0791 


0.0697 


0.074 


0.0411 


0.0875 


0.0770 


0.0726 


0.0639 


0.0801 


0.0706 
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in 



•J 



FunruBAi. 

miLOROOLUCID 


FUHVURAL 


AIIABIN08B 


ARABAN 


XYLOeiB 


XYI^N 


PBNT08B 


PENTOSAN 


0.075 


0.0416 


0.0886 


0.0780 


0.0736 


0.0647 


0.0811 


0.0714 


0.076 


0.0422 


0.0897 


0.0789 


0.0745 


0.0655 


0.0821 


0.0722 


0.077 


0.0427 


0.0908 


0.0799 


0.0754 


0.0663 


0.0831 


0.0731 


0.078 


0.0432 


0.0919 


0.0809 


0.0763 


0.0671 


0.0841 


0.0740 


0.079 


0.0437 


0.0930 


0.0818 


0.0772 


0.0679 


0.0851 


0.0749 


0.060 


0.0442 


0.0941 


0.0828 


0.0781 


0.0687 


0.0861 


0.0758 


0.061 


0.0448 


0.0952 


0.0838 


0.0790 


0.0695 


0.0871 


0.0767 


0.062 


0.0453 


0.0963 


0.0847 


0.0799 


0.0703 


0.0881 


0.0776 


0.083 


0.0458 


0.0974 


0.0857 


0.0808 


0.0711 


0.0891 


0.0785 


0.084 


0.0463 


0.0985 


0.0867 


0.0817 


0.0719 


0.0901 


0.0794 


0.085 


0.0468 


0.0996 


0.0877 


0.0827 


0.0727 


0.0912 


0.0803 


0.086 


0.0474 


0.1007 


0.0886 


0.0836 


0.0735 


0.0922 


0.0812 


0.087 


0.0479 


0.1018 


0.0896 


0.0845 


0.0743 


0.0932 


0.0821 


0.088 


0.0484 


0.1029 


0.0906 


0.0854 


0.0751 


0.0942 


0.0830 


0.089 


0.0489 


0.1040 


0.0915 


0.0863 


0.0759 


0.0952 


0.0838 


0.090 


0.0494 


0.1051 


0.0925 


0.0872 


0.0767 


0.0962 


0.0847 


0.091 


0.0499 


0.1062 


0.0935 


0.0881 


0.0775 


0.0972 


• 0.0856 


0.092 


0.0505 


0.1073 


0.0944 


0.0890 


0.0783 


0.0982 


0.0865 


0.093 


0.0510 


0.1084 


0.0954 


0.0900 


0.0791 


0.0992 


0.0874 


0.094 


0.0615 


0.1095 


0.0964 


0.0909 


0.0800 


0.1002 


0.0883 


0.095 


0.0520 


0.1106 


0.0974 


0.0918 


0.0808 


0.1012 


0.0891 


0.096 


0.0625 


0.1117 


0.0983 


0.0927 


0.0816 


0.1022 


0.0899 


0.097 


0.0531 


0.1128 


0.0993 


0.0936 


0.0824 


0.1032 


0.0908 


0.098 


0.0636 


0.1139 


0.1003 


0.0946 


0.0832 


0.1043 


0.0917 


0.099 


0.0641 


0.1150 


0.1012 


0.0955 


0.0840 


0.1053 


0.0926 


0.100 


0.0546 


0.1161 


0.1022 


0.0964 


0.0848 


0.1063 


0.0935 


0.101 


0.a551 


0.1171 


0.1032 


0.0973 


0.0856 


0.1073 


0.0944 


0,102 


0.0557 


0.1182 


0.1041 


0.0982 


0.0864 


0.1083 


0.0953 


0.103 


0.0562 


0.1193 


0.1051 


0.0991 


0.0872 


0.1093 


0.0962 


0.104 


0.0567 


0.1204 


0.1060 


0.1000 


0.0880 


0.1103 


0.0971 


0.105 


0.0572 


0.1215 


0.1070 


0.1010 


0.0888 


0.1113 


0.0979 


0.106 


0.0677 


0.1226 


0.1080 


0,1019 


0.0896 


0.1123 


0.0988 


0.107 


0.0582 


0.1237 


0.1089 


0.1028 


0.0904 


0.1133 


0.0997 


0.108 


0.0588 


0.1248 


0,1099 


0.1037 


0.0912 


0.1143 


0.1006 


0.109 


0.0593 


0.1259 


0.1108 


0.1046 


0.0920 


0.1153 


0.1015 


0.110 


0.0598 


0.1270 


0.1118 


0.1055 


0.0928 


0.1163 


0.1023 


0.111 


0,0603 


0.1281 


0.1128 


0.1064 


0.0936 


0.1173 


0.1032 


0.112 


0.0608 


0.1292 


0.1137 


0.1073 


0.0944 


0.1183 


0.1041 


0.113 


0.0614 


0.1303 


0.1147 


0.1082 


0.0952 


0.1193 


0.1050 


0.114 


0.0619 


0.1314 


0.1156 


0.1091 


0.0960 


0.1203 


0.1059 


0.115 


0.0624 


0.1325 


0.1166 


0.1101 


0.0968 


0.1213 


0.1067 


0.116 


0.0629 


0.1336 


0.1176 


0.1110 


0.0976 


0.1223 


0.1076 


0.117 


0.0634 


0.1347 


0.1185 


0.1119 


0.0984 


0.1233 


0.1085 


0.118 


0.0640 


0.1358 


0.1195 


0.1128 


0.0992 


0.1243 


0.1094 


0.119 


0.0645 


0.1369 


0.1204 


0.1137 


0.1000 


0.1253 


0.1103 
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BCBTHOD6 OP ANALYfliS 

Kb5bbk*s TABiiE.^-Coiituiued. 

[Exprened faifrwaB.] 



IXXX 



FunrunAL 

PBIjOBOGLUCID 


rUBWIIAL 




▲IIABAN 


XYIiOSB 


XYLAN 


PWnOBM 




0.120 


0.0650 


0.1380 


0.1214 


0.1146 


0.1008 


0.1263 


0.1111 


0.121 


0.0655 


0.1391 


0.1224 


0.1155 


0.1016 


0.1273 


0.1120 


0.122 


0.0660 


0.1402 


0.1233 


0.1164 


0.1024 


0.1283 


0.1129 


0.123 


0.0665 


0.1413 


0.1243 


0.1173 


0.1032 


0.1293 


0.1138 


0.124 


0.0671 


0.1424 


0.1253 


0.1182 


0.1040 


0.1303 


0.1147 


0.125 


0.0676 


0.1435 


0.1263 


0.1192 


0.1049 


0.1314 


0.1156 


0.126 


0.0681 


0.1446 


0.1272 


0.1201 


0.1057 


0.1324 


0.1165 


0.127 


0.0686 


0.1457 


0.1282 


0.1210 


0.1065 


0.1334 


0.1174 


0.128 


0.0691 


0.1468 


0.1292 


0.1219 


0.1073 


0.1344 


0.1183 


0.129 


0.0697 


0.1479 


0.1301 


0.1228 


0.1081 


0.1354 


0.1192 


0.130 


0.0702 


0.1490 


0.1311 


0.1237 


0.1089 


0.1364 


0.1201 


0.131 


0.0707 


0.1501 


0.1321 


0.1246 


0.1097 


0.1374 


0.1210 


0.132 


0.0712 


0.1512 


0.1330 


0.1255 


0.1105 


0.1384 


0.1219 


0.133 


0.0717 


0.1523 


0.1340 


0.1264 


0.1113 


0.1394 


0.1227 


0.134 


0.0723 


0.1534 


0.1350 


0.1273 


0.1121 


0.1404 


0.1236 


0.135 


0.0728 


0.1545 


0.1360 


0.1283 


0.1129 


0.1414 


0.1244 


0.136* 


0.0733 


0.1556 


0.1369 


0.1292 


0.1137 


0.1424 


0.1253 


0.137 


0.0738 


0.1567 


0.1379 


0.1301 


0.1145 


0.1434 


0.1262 


0.138 


0.0743 


0.1578 


0.1389 


0.1310 


0.1153 


0.1444 


0.1271 


0.139 


0.0748 


0.1589 


0.1398 


0.1319 


0.1161 


0.1454 


0.1280 


0.140 


0.0754 


0.1600 


0.1408 


0.1328 


0.1160 


0.1464 


0.1288 


0.141 


0.0759 


0.1611 


0.1418 


0.1337 


0.1177 


0.1474 


0.1297 


0.142 


0.0764 


0.1622 


0.1427 


0.1346 


0.1185 


0.1484 


0.1306 


0.143 


0.0769 


0.1633 


0.1437 


0.1355 


0.1193 


0.1494 


0.1315 


0.144 


0.0774 


0.1644 


0.1447 


0.1364 


0.1201 


0.1504 


0.1324 


0.145 


0.0780 


0.1655 


0.1457 


0.1374 


0.1209 


0.1515 


0.1333 


0.146 


0.0785 


0.1666 


0.1466 


0.1383 


0.1217 


0.1525 


0.1342 


0.147 


0.0790 


0.1677 


0.1476 


0.1392 


0.1225 


0.1535 


0.1351 


0.148 


0.0795 


0.1688 


0.1486 


0.1401 


0.1233 


0.1545 


0.1360 


0.149 


0.0800 


0.1699 


0.1495 


0.1410 


0.1241 


0.1555 


0.1369 


0.150 


0.0805 


0.1710 


0.1505 


0.1419 


0.1249 


0.1565 


0.1377 


0.151 


0.0811 


0.1721 


0.1515 


0.1428 


0.1257 


0.1575 


0.1386 


0.152 


0.0816 


0.1732 


0.1524 


0.1437 


0.1265 


0.1585 


0.1395 


0.153 


0.0821 


0.1743 


0.1534 


0.1446 


0.1273 


0.1595 


0.1404 


0.154 


0.0826 


0.1754 


0.1544 


0.1455 


0.1281 


0.1605 


0.1413 


0.155 


0.0831 


0.1765 


0.1554 


0.1465 


0.1289 


0.1615 


0.1421 


0.156 


0.0837 


0.1776 


0.1563 


0.1474 


0.1297 


0.1625 


0.1430 


0.157 


0.0842 


0.1787 


0.1673 


0.1483 


0.1305 


0.1635 


0.1439 


0.158 


0.0847 


0.1798 


0.1583 


0.1492 


0.1313 


0.1645 


0.1448 


0.159 


0.0852 


0.1809 


0.1592 


0.1501 


0.1321 


0.1655 


0.1457 


0.160 


0.0857 


0.1820 


0.1602 


0.1510 


0.1329 


0.1665 


0.1465 


0.161 


0,0863 


0.1831 


0.1612 


0.1619 


0.1337 


0.1675 


0.1474 


0.162 


0.0868 


0.1842 


0,1621 


0.1528 


0.1346 


0.1685 


0.1483 


0.163 


0.0873 


0.1853 


0.1631 


0.1537 


0.1353 


0.1695 


0.1492 


0.164 


0.0878 


0.1864 


0.1640 


0.1646 


0.1361 


0.1705 


0.1501 
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1 


[irimiiwit in frwM.] 








rimFURAL 
pHLonooLuao 


VUMrUIIAL 


AlUBIlfOSB 


AAABAN 


snruMB 


XTlJiM 




PENTOSAN 


0.165 


0.0883 


0.1875 


0.1650 


0.1556 


0.1369 


0.1716 


0.1510 


0.166 


0.0888 


0.1886 


0.1660 


0.1565 


0.1377 


0.1726 


0.1519 


0.167 


0.0894 


0.1897 


0.1669 


0.1574 


0.1385 


0.1736 


0.1528 


0.168 


0.0899 


0.1908 


0.1679 


0.1583 


0.1393 


0.1746 


0.1537 


0.169 


0.0904 


0.1919 


0.1688 


0.1592 


0.1401 


0.1756 


0.1546 


0.170 


0.0909 


0.1930 


0.1698 


0.1601 


0.1409 


0.1766 


0.1554 


0.171 


0.0914 


0.1941 


0.1708 


0.1610 


0.1417 


0.1776 


0.1563 


0.172 


0.0920 


0.1952 


0.1717 


0.1619 


0.1425 


0.1786 


0.1572 


0.173 


0.0925 


0.1963 


0.1727 


0.1628 


0.1433 


0.1796 


0.1581 


0174 


0.0930 


0.1974 


p.1736 


0.1637 


0.1441 


0.1806 


0.1590 


0.175 


0.0935 


0.1985 


0.1746 


0.1647 


0.1449 


0.1816 


0.1598 


0.176 


0.0940 


0.1996 


0.1756 


0.1656 


0.1457 


0.1826 


0.1607 


0.177 


0.0946 


0.2007 


0.1765 


0.1665 


0.1465 


0.1836 


0.1616 


0.178 


0.0951 


0.2018 


0.1775 


0.1674 


0.1473 


0.1846 


0.1625 


0.179 


0.0956 


0.2029 


0.1784 


0.1683 


0.1481 


0.1856 


0.1634 


0.180 


0.0961 


0.2039 


0.1794 


0.1692 


0.1489 


0.1866 


0.1642 


0.181 


0.0966 


0.2050 


0.1804 


0.1701 


0.1497 


0.1876 


0.1651 


0.182 


0.0971 


0.2061 


0.1813 


0.1710 


0.1505 


0.1886 


0.1660 


0.183 


0.0977 


0.2072 


0.1823 


0.1719 


0.1513 


0.1896 


0.1669 


0.184 


0.0982 


0.2082 


0.1832 


0.1728 


0.1521 


0.1906 


0.1678 


0.185 


0.0987 


0.2093 


0.1842 


0.1738 


0.1529 


0.1916 


0.1686 


0.186 


0.0992 


0.2104 


0.1851 


0.1747 


0.1537 


0.1926 


0.1695 


0.187 


0.0997 


0.2115 


0.1861 


0.1756 


0.1545 


0.1936 


0.1704 


0.188 


ai003 


a2126 


0.1870 


0,1765 


0.1553 


0.1946 


0.1712 


0.189 


ai006 


0.2136 


0.1880 


0.1774 


0.1561 


0.1955 


ai721 


0.190 


0.1013 


0.2147 


0.1889 


0.1783 


0.1569 


0.1965 


0.1729 


0.191 


0.1018 


0.2158 


0.1899 


0.1792 


0.1577 


0.1975 


0.1738 


0.192 


0.1023 


0.2168 


0.1908 


0.1801 


0.1585 


0.1985 


0.1747 


0.193 


0.1028 


0.2179 


0.1918 


0.1810 


0.1593 


0.1995 


0.1756 


0.194 


0.1034 


0.2190 


0.1927 


0.1819 


0.1601 


0.2005 


0.1764 


0.195 


0.1039 


0.2201 


0.1937 


0.1829 


0.1609 


0.2015 


0.1773 


0.196 


0.1044 


0.2212 


0.1946 


0.1838 


0.1617 


0.2025 


0.1782 


0.197 


0.1049 


0.2222 


0.1956 


0.1847 


0.1625 


0.2035 


0.1791 


0.198 


0.1054 


0.2233 


0.1965 


0.1856 


0.1633 


0.2045 


0.1800 


0.199 


0.1059 


0.2244 


0.1975 


0.1865 


0.1641 


0.2055 


0.1808 


0.200 


0.1065 


0.2255 


0.1984 


0.1874 


0.1649 


0.2065 


0.1817 


0.201 


0.1070 


0.2266 


0.1994 


0.1883 


0.1657 


0.2075 


0.1826 


0.202 


0.1075 


0.2276 


0.2003 


0.1892 


0.1665 


0.2085 


ai835 


0.203 


0.1080 


0.2287 


0.2013 


0.1901 


0.1673 


0.2095 


0.1844 


0.204 • 


0.1085 


0.2298 


0.2022 


0.1910 


0.1681 


0.2105 


0.1853 


0.205 


0.1090 


0.2309 


0.2032 


0.1920 


0.1689 


0.2115 


0.1861 


0.206 


0.1096 


0.2320 


0.2041 


0.1929 


0.1697 


0.2125 


0.1869 


0.207 


0.1101 


0.2330 


0.2051 


0.1938 


0.1705 


0.2134 


0.1878 


0.208 


0.1106 


0.2341 


0.2060 


0.1947 


0.1713 


0.2144 


0.1887 


0.209 


0.1111 


0.2352 


0.2069 


0.1956 


0.1721 


0.2154 


0.1896 
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[XXX 



PUBTUBAL 


rUBFUBAL. 


ABABINOSB 


ABABAN 


xnxmm 


XYLAN 


BSNTOSB 


PBNTOBAN 


PHIjOBOOLUCID 
















0.210 


0.1116 


0.2363 


0.2079 


0.1965 


0.1729 


0.2164 


0.1904 


0.211 


0.1121 


0.2374 


0.2089 


0.1975 


0.1737 


0.2174 


0.1913 


0.212 


0.1127 


0.2384 


0.2098 


0.1984 


0.1745 


0.2184 


0.1922 


0.213 


0.1132 


0.2395 


0.2108 


0.1993 


0.1753 


0.2194 


0.1931 


0.214 


0.1137 


0.2406 


0.2117 


0.2002 


0.1761 


0.2204 


0.1940 


0.215 


0.1142 


0.2417 


0.2127 


0.2011 


0.1770 


0.2214 


0.1948 


0.216 


0.1147 


0.2428 


0.2136 


0.2020 


0.1778 


0.2224 


0.1957 


0.217 


0.1152 


0.2438 


0.2146 


0.2029 


0.1786 


0.2234 


0.1966 


0.218 


0.1158 


0.2449 


0.2155 


0.2038 


0.1794 


0.2244 


0.1974 


0.219 


0.1163 


0.2460 


0.2165 


0.2047 


0.1802 


0.2254 


0.1983 


0.220 


0.1168 


0.2471 


0.2174 


0.2057 


0.1810 


0.2264 


0.1992 


0.221 


0.1173 


0.2482 


0.2184 


0.2066 


0.1818 


0.2274 


0.2001 


0.222 


0.1178 


0.2492 


0.2193 


0.2075 


0.1826 


0.2284 


0.2010 


0.223 


0.1183 


0.2503 


0.2203 


0.2084 


0.1834 


0.2294 


0.2019 


0.244 


0.1189 


0.2514 


0.2212 


0.2093 


0.1842 


0.2304 


0.2028 


0.225 


0.1194 


0.2525 


0.2222 


0.2102 


0.1850 


0.2314 


0.2037 


0.226 


0.1199 


0.2536 


0.2232 


0.2111 


0.1858 


0.2324 


0.2046 


0.227 


0.1204 


0.2546 


0.2241 


0.2121 


0.1866 


0.2334 


0.2054 


0.228 


0.1209 


0.2557 


0.2251 


0.2130 


0.1874 


0.2344 


0.2063 


0.229 


0.1214 


0.2568 


0.2260 


0.2139 


0.1882 


0.2354 


0.2072 


0.230 


0.1220 


0.2579 


0.2270 


0.2148 


0.1890 


0.2364 


0.2081 


0.231 


0.1225 


0.2590 


0.2280 


0.2157 


0.1808 


0.2374 


0.2069 


0.232 


0.1230 


0.2600 


0.2289 


0.2166 


0.1906 


0.2383 


0.2097 


0.233 


0.1235 


0.2611 


0.2299 


0.2175 


0.1914 


0.2393 


0.2106 


0.284 


0.1240 


0.2622 


0.2308 


0.2184 


0.1922 


0.2403 


0.2115 


0.235 


0.1245 


0.3633 


0.2318 


0.2193 


0.1930 


0.2413 


0.2124 


0.236 


0.1251 


0.2644 


0.2327 


0.2202 


0.1938 


0.2423 


0.2132 


0.237 


0.1256 


0.2654 


0.2337 


0.2211 


0.1046 


0.2433 


0.2141 


0.238 


0.1261 


0.2665 


0.2346 


0.2220 


0.1954 


0.2443 


0.2150 


0.239 


0.1266 


0.2676 


0.2356 


0.2229 


0.1962 


0.2453 


0.2159 


0.240 


0.1271 


0.2687 


0.2365 


0.2239 


0.1970 


0.2463 


0.2168 


0.241 


0.1276 


0.2698 


0.2375 


0.2248 


0.1978 


0.2473 


0.2176 


0.242 


0.1281 


0.2708 


0.2384 


0.2257 


0.1986 


0.2483 


0.2185 


0.243 


0.1287 


0.2719 


0.2394 


0.2266 


0.1994 


0.2493 


0.2194 


0.244 


0.1292 


0.2730 


0.2403 


0.2275 


0.2002 


0.2503 


0.2203 


0.245 


0.1297 


0.2741 


0.2413 


0.2284 


0.2010 


0.2513 


0.2212 


0.246 


0.1302 


0.2752 


0.2422 


0.2293 


0.2018 


0.2523 


0.2220 


0.247 


0.1307 


0.2762 


0.2432 


0.2302 


0.2026 


0.2533 


0.2229 


0.248 


0.1312 


0.2773 


0.2441 


0.2311 


0.2034 


0.2543 


0.2238 


0.249 


0.1318 


0.2784 


0.2451 


0.2320 


0.2042 


0.2553 


0J2247 


0.250 


0.1323 


0.2795 


0.2460 


0.2330 


0.2050 


0.2563 


0.2256 


0.251 


0.1328 


0.2806 


0.2470 


0.2339 


0.2058 


0.2573 


0.2264 


0.252 


0.1333 


0.2816 


0.2479 


0.2348 


0.2066 


0.2582 


0.2272 


0.253 


0.1338 


0.2827 


0.2489 


0.2357 


0.2074 


0.2592 


0.2281 


0.254 


0.1343 


0.2838 


0.2498 


0.2366 


0.2082 


0.2602 


0.2290 
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[EiprMMd in graoM.! 








runrvRAL 

PHU>IK>OLUClO 


punruiiAL 


ABABINOeB 


ABABAIf 


XYLOSB 


XYIAN 


PKNTOBB 


PBNT06API 


0.255 


0.1349 


0.2849 


0.2506 


0.2375 


0.2090 


0.2612 


0.2299 


0.256 


0.1354 


0.2860 


0.2517 


0.2384 


0.2008 


0.2622 


0.2307 


0.257 


0.1359 


0.2870 


0.2526 


0.2393 


0.2106 


0.2632 


0.2316 


0.258 


0.1364 


0.2881 


0.2536 


0.2402 


0.2114 


0.2642 


0.2325 


0.259 


0.1369 


0.2892 


0.2545 


0.2411 


0.2122 


0.2652 


0.2334 


0.260 


0.1374 


0.2903 


0.2555 


0.2420 


0.2130 


0.2662 


0.2342 


0.261 


0.1380 


0.2914 


0.2565 


0.2429 


0.2138 


0.2672 


0.2351 


0.262 


0.1385 


0.2924 


0.2574 


0.2438 


0.2146 


0.2681 


0.2359 


0.263 


0.1390 


0.2935 


0.2584 


0.2447 


0.2154 


0.2691 


0.2368 


0.264 


0.1395 


0.2946 


0.2593 


0.2456 


0.2162 


0.2701 


0.2377 


0.265 


0.1400 


0.2957 


0.2603 


0.2465 


0.2170 


0.2711 


0.2385 


0.266 


0.1405 


0.2968 


0.2612 


0.2474 


0.2178 


0.2721 


0.2394 


0.267 


0.1411 


0.2978 


0.2622 


0.2483 


0.2186 


0.2731 


0.2403 


0.268 


0.1416 


0.2989 


0.2631 


0.2492 


0.2194 


0.2741 


0.2412 


0.269 


0.1421 


0.3000 


0.2641 


0.2502 


0.2202 


0.2751 


0.2421 


0.270 


0.1426 


0.3011 


0.2650 


0.2511 


0.2210 


0.2761 


0.2429 


0.271 


0.1431 


0.3022 


0.2660 


0.2520 


0.2218 


0.2771 


0.2438 


0.272 


0.1436 


0.3032 


0.2669 


0.2529 


0.2226 


0.2781 


0.2447 


0.273 


0.1442 


0.3043 


0.2679 


0.2538 


0.2234 


0.2791 


0.2456 


0.274 


0.1447 


0.3054 


0.2688 


0.2547 


0.2242 


0.2801 


0.2465 


0.275 


0.1452 


0.3065 


0.2698 


0.2556 


0.2250 


0.2811 


0.2473 


0.276 


0.1457 


0.3076 


0.2707 


0.2565 


0.2258 


0.2821 


0.2482 


0.277 


0.1462 


0.3086 


0.2717 


0.2574 


0.2266 


0.2830 


0.2490 


0.278 


0.1467 


0.3097 


0.2726 


0.2583 


0.2274 


0.2840 


0.2499 


0.279 


0.1473 


0.3108 


0.2736 


0.2592 


0.2282 


0.2850 


0.2508 


0.280 


0.1478 


0.3119 


0.2745 


0.2602 


0.2290 


0.2861 


0.2517 


0.281 


0.1483 


0.3130 


0.2755 


0.2611 


0.2298 


0.2871 


0.2526 


0.282 


0,1488 


0.3140 


0.2764 


0.2620 


0.2306 


0.2880 


0.2534 


0.283 


0.1493 


0.3151 


0.2774 


0.2629 


0.2314 


0.2890 


0.2543 


0.284 


0.1498 


0.3162 


0.2783 


0.2638 


0.2322 


0.2900 


0.2552 


0.285 


0.1504 


0.3173 


0.2793 


0.2647 


0.2330 


0.2910 


0.2561 


0.286 


0.1509 


0.3184 


0.2802 


0.2656 


0.2338 


0.2920 


0.2570 


0.287 


0.1514 


0.3194 


0.2812 


0.2665 


0.2346 


0.2930 


0.2578 


0.288 


0.1519 


0.3206 


0.2821 


0.2674 


0.2354 


0.2940 


0.2587 


0.289 


0.1524 


0.3216 


0.2831 


0.2683 


0.2362 


0.2950 


0.2596 


0.290 


0.1529 


0.3227 


0.2840 


0.2693 


0.2370 


0.2960 


0.2605 


0.291 


0.1535 


0.3238 


0.2850 


0.2702 


0.2378 


0.2970 


0.2614 


0.292 


0.1540 


0.3248 


0.2859 


0.2711 


0.2386 


0.2980 


0.2622 


0.293 


0.1545 


0.3259 


0.2868 


0.2720 


0.2394 


0.2990 


0.2631 


0.294 


0.1550 


0.3270 


0.2878 


0.2729 


0.2402 


0.3000 


0.2640 


0.295 


0.1555 


0.3281 


0.2887 


0.2738 


0.2410 


0.3010 


0.2649 


0.296 


0.1560 


0.3292 


0.2897 


0.2747 


0.2418 


0.3020 


0.2658 


0.297 


0.1566 


0.3302 


0.2906 


0.2756 


0.2426 


0.3030 


0.2666 


0.298 


0.1571 


0.3313 


0.2916 


0.2765 


0.2434 


0.3040 


0.2675 


0.299 

• 


0.1576 


0.3324 


0.2925 


0.2774 


0.2442 


0.3050 


0.2684 


0.300 


0.1581 


0.3335 


0.2935 


0.2784 


0.2450 


0.3060 


0.2693 
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3 


DensUieM of 9oluiwn$ tjf cane tugar td 2ifC, 








IWlim OF FEU CSNT 






PER CBNT 












PBR CENT 


SUUAB 





1 


2 


3 


4 


SUGAR 





0.998234 


0.998622 


0.999010 


0.999398 


0.999786 





1 


1,002120 


1.002509 


1.002897 


1.003286 


1.003675 


1 


2 


1.006015 


1.006405 


1.006796 


1.007188 


1.007580 


2 


3 


1.009934 


1.010327 


1.010721 


1.011115 


1.011510 


3 


4 


1.013881 


1.014277 


1.014673 


1.015070 


1.015467 


4 


6 


1.017864 


1.018253 


1.018652 


1.019052 


1.019451 


5 


6 


1.021855 


1.022257 


1.022659 


1.023061 


1.023463 


6 


7 


1.025885 


1.026289 


1.026694 


1.027099 


1.027504 


7 


8 


1.029942 


1.030349 


1.030757 


1.031165 


1.031573 


8 


9 


1.034029 


1.034439 


1.034850 


1.035260 


1.035671 


9 


10 


1.038143 


1.038556 


1.038970 


1.039383 


1.039797 


10 


11 


1.042288 


1.042704 


1.043121 


1.043537 


1.043954 


11 


12 


1.046462 


1.046881 


1.047300 


1.047720 


1.048140 


12 


13 


1.050665 


1.051087 


1.051510 


1.051933 


1.052356 


13 


14 


1.054900 


1.055325 


1.055751 


1.056176 


1.056602 


14 


15 


1.059165 


1.059593 


1.060022 


1.060451 


1.060880 


15 


16 


1.063460 


1.063892 


1.064324 


1.064756 


1.065188 


16 


17 


1.067789 


1.068223 


1.068658 


1.069093 


1J069529 


17 


18 


1.072147 


1.072585 


1.073023 


1.073461 


1.073900 


18 


19 


1.076537 


1.076978 


1.077419 


1.07Z860 


1.078302 


19 


20 


1.080959 


1.081403 


1.061848 


1.082292 


1.082737 


20 


21 


1.085414 


1.085861 


1.086309 


1.086757 


1.087205 


21 


22 


1.089900 


1.090351 


1.090802 


1.091253 


1.091704 


22 


23 


1.094420 


1.094874 


1.095328 


1.095782 


1.096236 


23 


24 


1.098971 


1.099428 


1.099886 


1.100344 


1.100802 


124 


25 


1.103557 


1.104017 


1.104478 


1.104938 


1.105400 


25 


26 


1.108175 


1.108639 


1.109103 


1.109568 


1.110033 


26 


27 


1.112828 


1.113295 


1.113763 


1.114229 


1.114697 


27 


28 


1,117512 


1.117982 


1.118453 


1.118923 


1.119395 


28 


29 


1.122231 


1.122705 


1.123179 


1.123653 


1.124128 


29 


30 


1.126984 


1.127461 


1.127939 


1.128417 


1.128896 


30 


31 


1.131773 


1.132254 


1.132735 


1.133216 


1.133698 


31 


32 


1.136596 


1.137080 


1.137565 


1.138049 


1.138534 


32 


33 


1.141453 


1.141941 


1.142429 


1.142916 


1.143405 


33 


34 


1.146345 


1.146836 


1.147328 


1.147820 


1.148313 


34 


35 


1.151275 


1.151770 


1.152265 


1.152760 


1.153256 


35 


36 


1.156238 


1.156736 


1.157235 


1.157733 


1.158233 


36 


37 


1.161236 


1.161738 


1.162240 


1.162742 


1.163245 


37 


38 


1.166269 


1.166775 


1.167281 


1.167786 


1.168293 


38 


39 


1.171340 


1.171849 


1.172359 


1.172869 


1.173379 


39 


40 


1.176447 


1.176960 


1.177473 


1.177987 


1.178501 


40 


41 


1.181592 


1.182108 


1.182625 


1.183142 


1.183660 


41 


42 


1.186773 


1.187293 


1.187814 


1.188335 


1.188856 


42 


43 


1.191993 


1.192517 


1.193041 


1.193565 


1.194090 


43 


44 


1.197247 


1.197775 


1.198303 


1.198832 


1.190360 


44 


45 


1,202540 


1,203071 


1.203603 


1,204136 


1,204668 


45 


46 


1.207870 


1.208405 


1.208940 


1.209477 


1.210013 


46 


47 


1.213238 


1.213777 


1.214317 


1.214856 


1.215395 


• 47 


48 


1.218643 


1.219185 


1.219729 


1.220272 


1.220815 


48 


49 


1.224086 


1.224632 


1.225180 


1.225727 


1.226274 


49 
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Densities of solutions of cane sugar 


ai W°C, — Continued. 








TENTHS OF PER GENT 






PER CENT 






. 






PER CENT 


SUGAR 


5 


6 


7 


8 





SUGAR 





1.000174 


1.000663 


1.000952 


1.001342 


1.001731 





1 


1.004064 


1.004453 


1.004844 


1.005234 


1.005624 


1 


2 


1.007972 


1.008363 


1.008755 


1.009148 


1.009541 


2 


3 


1.011904 


1.012298 


1.012694 


1.013089 


1.013485 


3 


4 


1.015864 


1.016261 


1.016659 


1.017058 


1.017456 


4 


5 


1.019851 


1.020251 


1.020651 


1.021053 


1.021454 


5 


6 


1.023867 


1.024270 


1.024673 


1.025077 


1.025481 


6 


7 


1.027910 


1.028316 


1.028722 


1.029128 


1.029535 


7 


8 


1.031982 


1,032391 


1.032800 


1.033209 


1.033619 


8 


9 


1.036082 


1.036494 


1.036906 


1.037318 


1.037730 


■ 9 


10 


1.040212 


1.040626 


1.041041 


1.041456 


1.041872 


10 


11 


1.044370 


1.044788 


1.045206 


1.045625 


1.046043 


11 


12 


1.048559 


1.048980 


1.049401 


1.049822 


1.050243 


12 


13 


1.052778 


1.053202 


1.053626 


1.054050 


1.054475 


13 


14 


1.057029 


1.057455 


1.057882 


1.058310 


1.058737 


14 


15 


1.061308 


1.061738 


1.062168 


1.062598 


1.063029 


16 


16 


1.065621 


1.066054 


1.066487 


1.066921 


1.067355 


13 


17 


1.069964 


1.070400 


1.070836 


1.071273 


1.071710 


17 


18 


1.074338 


1.074777 


1.075217 


1.075667 


1.076097 


18 


19 


1.078744 


1.079187 


1.079629 


1.080072 


1.080515 


19 


20 


1.083182 


1.083628 


1.084074 


1.084520 


1.084967 


20 


21 


1.087652 


1.088101 


1.088550 


1.089000 


1.089450 


21 


22 


1.092155 


1.092607 


1.093060 


1.093513 


1.093966 


22 


23 


1.096691 


1.097147 


1.097603 


1.098058 


1.098514 


23 


24 


1.101259 


1.101718 


1.102177 


1.102637 


l.ia3097 


24 


25 


1.105862 


1.106324 


1.106786 


1.107248 


1.107711 


25 


26 


1.110497 


1.110963 


1.111429 


1.111895 


1.112361 


26 


27 


1.115166 


1.115635 


1.116104 


1.116572 


1.117042 


27 


28 


1.119867 


1.120339 


1.120812 


1.121284 


1.121757 


28 


29 


1.124603 


1.125079 


1.125555 


1.126030 


1.126507 


29 


30 


1.129374 


1.129853 


1.130332 


1.130812 


1.131292 


30 


31 


1.134180 


1.134663 


1.135146 


1.135628 


1.136112 


31 


32 


1.139020 


1.139506 


1.139993 


1.140479 


1.140966 


32 


33 


1.143894 


1.144384 


1.144874 


1.145363 


1.145854 


33 


34 


1.148805 


1.149298 


1.149792 


1.160286 


1.150780 


34 


35 


1.153752 


1.154249 


1.154746 


1.155242 


1.155740 


36 


36 


1.158733 


1.159233 


1.159733 


1.160233 


1.160734 


36 


37 


1.163748 


1.164252 


1.164756 


1.165259 


1.165764- 


37 


38 


1.168800 


1.169307 


1.169815 


1.170322 


1.170831 


38 


39 


1.173889 


1.174400 


1.174911 


1.175423 


1.175935 


39 


40 


1.179014 


1.179527 


1.180044 


1.180560 


1.181076 


40 


41 


1.184178 


1.184696 


1.185215 


1.185734 


1.186253 


41 


42 


1.189379 


1.189901 


1.190423 


1.190946 


1.191469 


42 


43 


1.194616 


1.195141 


1.195667 


1.196193 


1.193720 


43 


44 


1.199890 


1.200420 


1.200950 


1.201480 


1.202010 


44 


45 


1,205200 


1.205733 


1.203266 


1,206801 


1,207335 


45 


46 


1.210549 


1.211086 


1.211623 


1.212162 


1.212700 


46 


47 


1.215936 


1.216476 


1.217017 


1.217559 


1,218101 


47 


48 


1.221360 


1.221904 


1.222449 


1.222995 


1.223540 


48 


49 


1.226823 


1.227371 


1.227919 


1.228469 


1.229018 


49 
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Densities of solutions of cane sugar 


at 20^C.— Continued. 




PER CENT 


TBNTRS OP PER CENT 


PKK CENT 


SUGAR 





1 


2 


3 


4 


u. 


50 
61 
52 
63 
54 


1.229567 
1.235085 
1.240641 
1.246234 
1.251866 


1.230117 
1.235639 
1.241198 
1.246795 
1.252431 


1.230668 
1.236194 
1.241757 
1.247358 
1.252997 


1.231219 
1.236748 
1.242315 
1.247920 
1.253563 


1.231770 
1.237303 
1.242873 
1.248482 
1.254129 


50 

51 
52 
53 
54 


55 
66 
57 
58 
69 . 


1.257535 
1.263243 
1.268989 
1.274774 
1.280595 


1.258104 
1.263816 
1.269565 
1.275354 
1.281179 


1.258674 
1.264390 
1.270143 
1.275936 
1.281764 


1.259244 
1.264963 
1.270720 
1.276517 
1.282349 


1.259815 
1.265537 
1.271299 
1.277098 
1.282935 


65 
56 
57 

58 
59 


60 
61 
62 
63 
64 


1.286456 
1.292354 
1.298291 
1.304267 
1.310282 


1.287044 
1.292946 
1.298886 
1.304867 
1.310885 


1.287633 
1.293539 
1.299483 
1.30,5467 
1.311489 


1.288222 
1.294131 
1.300079 
1.306068 
1,312093 


1.288811 
1.294726 
1.300677 
1.306669 
1.312699 


60 
61 
62 
63 
64 


65 
66 
67 
68 
69 


1.316334 
1.322425 
1.328554 
1.334722 
1.340928 


1.316941 
1.323036 
1.329170 
1.335342 
1.341551 


1.317549 
1.323648 
1.329785 
1.335961 
1.342174 


1.318157 
1.324259 
1.330401 
1.336581 
1.342798 


1.318766 
1.324872 
1.331017 
1.337200 
1.343421 


65 
66 
67 
68 
69 


70 
71 
72 
73 

74 


1.347174 
1.353456 
1.359778 
1.366139 
1.372536 


1.347801 
1.354087 
1.360413 
1.366777 
1.373178 


1.348427 
1.354717 
1.361047 
1.367415 
1.373820 


1 .349055 
1.355349 
1.361682 
1.368054 
1.374463 


1.349682 
1.355980 
1.362317 
1.368693 
1.375105 


70 
71 
72 
73 
74 


75 
76 
77 

78 
79 


1.378971 
1.385446 
1.391956 
1.398505 
1.405091 


1.379617 
1.386096 
1.392610 
1.399162 
1.405752 


1.380262 
1.386745 
1.393263 
1.399819 
1.406412 


1.380909 
1.387396 
1.393917 
1.400477 
1.407074 


1.381555 
1.388045 
1.394571 
1.401134 
1.407735 


75 
76 
77 
78 
79 


80 

81 
82 
83 
84 


. 1.411715 
1.418374 
1.425072 
1.431807 
1.438579 


1.412380 
1.419043 
1.425744 
1.432483 
1.439259 


1.413044 
1.419711 
1.426416 
1.433158 
1.439938 


1.413709 
1. 420(^80 
1.427089 
1.433835 
1.440619 


1.414374 
1.421049 
1.427761 
1.434511 
1.441299 


80 
81 
82 
83 
84 


85 
86 

87 
88 
89 


1.445388 
1.452232 
1.459114 
1.466032 
1.472986 


1.446071 
1.452919 
1.459805 
1.466726 
1.473684 


1.446754 
1.453605 
1.460495 
1.467420 
1.474381 


1.447438 
1.4.54292 
1.461186 
1.468115 
1.475080 


1.448121 
1.454980 
1,461877 
1.468810 
1.475779 


85 
86 
87 
88 
89 


90 
91 
92 
93 
94 


1.479976 
1.487002 
1.494063 
1.501158 
1.508289 


1.480677 
1.487707 
1.494771 
1.501870 
1.509004 


1.481378 
1.488411 
1.495479 
1.502582 
1.509720 


1.482080 
1.489117 
1.496188 
1.503293 
1.510435 


1.482782 
r.489823 
1.496897 
1.504006 
1.511151 


90 
91 
92 
93 
94 


95 
96 
97 
9S 
99 


1.515455 
1.5226.56 
1.529891 
1.537161 
1.544462 


1.516174 
1.523378 
1.530616 
1.537889 
1.545194 


1.516893 
1.524100 
1.531342 
1.538618 
1.545926 


1.517612 
1.524823 
1.532068 
1.539347 
1.546659 


1.518332 
1.525.546 
1.532794 
1.540076 
1.547392 


95 
96 
97 
98 
99 


100 


1.551800 










100 
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Densities of solutions of cane sugar 


at 20°C.— Concluded. 








TBfmu or FBR CBNT 






PBR CENT 












PER CENT 


8UOAB 


5 


6 


7 


8 


9 


8UOAR 


50 


1.232322 


1.232874 


1.233426 


1.233979 


1.234532 


50 


51 


1.237869 


1.238414 


1.238970 


1.239527 


1.240084 


61 


52 


1.243433 


1.243992 


1.244552 


1.245113 


1.245673 


52 


53 


1.249046 


1.249609 


1.250172 


1.250737 


1.251301 


53 


54 


1.254697 


1,255264 


1.255831 


1.256400 


1.256967 


54 


55 


1.260385 


1.260955 


1.261527 


1.262099 


1.262671 


55 


56 


1.266112 


1.266686 


1.267261 


1.267837 


1.268413 


56 


57 


1.271877 


1.272455 


1.273035 


1.273614 


1.274194 


57 


58 


1.277680 


1.278262 


1.278844 


1.279428 


1.280011 


58 


59 


1.283521 


1.284107 


1.284694 


1.285281 


1.285869 


59 


60 


1.289401 


1.289991 


1.290581 


1.291172 


1.291763 


60 


61 


1.295318 


1.295911 


1.296506 


1.297100 


1.297696 


61 


62 


1.301274 


1.301871 


1.302470 


1.303068 


1.303668 


62 


63 


1.307271 


1.307872 


1.308476 


1.309077 


1.309680 


63 


64 


1.313304 


1.313909 


1,314515 


1.315121 


1.315728 


64 


65 


1.319374 


1.319983 


1.320593 


1.321203 


1.321814 


65 


66 


1.325484 


1.326097 


1.326711 


1.327325 


1.327940 


66 


67 


1.331633 


1.332250 


1.332868 


1.333485 


1.334103 


67 


68 


1.337821 


1.338441 


1.339063 


1.339684 


1.340306 


68 


69 


1.344046 


1.344671 


1.345296 


1.345922 


1.346547 


69 


70 


1.350311 


1.350939 


1.351568 


1.352197 


1.352827 


70 


71 


1.356612 


1.357245 


1.357877 


1.358511 


1.359144 


71 


72 


1.362953 


1.363590 


1.364226 


1.364864 


1.365501 


72 


73 


1.369333 


1.369973 


1.370613 


1.371254 


1.371894 


73 


74 


1.375749 


1.376392 


1.377036 


1.377680 


1.378326 


74 


75 


1.382203 


1.382851 


1. 3^3499 


1.384148 


1.384796 


76 


76 


1.388696 


1.389347 


1.389999 


1.390651 


1.391303 


76 


77 


1.395226 


1.395881 


1.396536 


1.397192 


1.397848 


77 


78 


1.401793 


1.402452 


1.403111 


1.403771 


1.404430 


78 


79 


1.408398 


1.409061 


1.409723 


1.410387 


1.411051 


79 


80 


1.415040 


1.415706 


1.416373 


1.417039 


1.417707 


80 


81 


1.421719 


1.422390 


1.423059 


1.423730 


1.424400 


81 


82 


1.428435 


1.429109 


1.429782 


1.430457 


1.431131 


82 


83 


1.435188 


1.435866 


1.436.543 


1.437222 


1.437900 


83 


84 


1.441980 


1.442661 


1.443342 


1.444024 


1.444705 


84 


85 


1.448806 


1.449491 


1.450175 


1.450860 


1.451545 


85 


86 


1.455668 


1.456357 


1.457045 


1.457735 


1.458424 


86 


87 


1.462568 


1.463260 


1.463953 


1.464645 


1.465338 


87 


88 


1.469504 


1.470200 


1.47aS96 


1.471592 


1.47228i9 


88 


89 


1.476477 


1.477176 


1.477876 


1.478575 


1.479275 


89 


90 


1.483484 


1.484187 


1.484890 


1.485593 


1.486297 


90 


91 


1.490528 


1.491234 


1.491941 


1.492647 


1.493355 


91 


92 


1.497606 


1.498316 


1.499026 


1.499736 


1.500447 


92 


93 


1.504719 


1.505432 


1.506146 


1.506859 


1.507574 


93 


94 


1.511868 


1.512585 


1.513302 


1.514019 


1.514737 


94 


95 


1.519051 


1.519771 


1.520492 


1.521212 


1.521934 


95 


96 


1.526269 


1.526998 


1.527717 


1.528441 


1.529166 


96 


97 


1.533521 


1.534248 


1.534976 


1.535791 


1.536432 


97 


98 


1.540806 


1.541536 


1.542267 


1.542998 


1.543730 


98 


99 


1.548127 


1.548861 


1.549595 


1.550329 


1.551064 


99 


100 
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342 



METHODS OF ANALYSIS 



[XXX 



4 Corrections to be applied to results obtained by 3 when the specific gravity is obtained 

at temperatures other than 20°C, 

(This table is calculated using the data on thermal expansion of sugar solutions by 
Plato, assuming the Instrument to be of Jena 16"^ glass. The table should be used 
with caution and only for approximate results when the temperature differs much 
from the standard temperature or from the temperature of the surrounding air.) 



TEMPBRA- 

TUBK IN 

DBORBBS 

CBNTTGHADB 



OBSERVED PER CENT OP SUGAR 







10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



70 



Subtract — 






0.30 


0.49 


0.65 


0.77 


0.89 


0.99 


1.08 


1.16 


1.24 


1.31 


1.37 


1.41 


1.44 


1.49 


5 


0.36 


0.47 


0.56 


0.65 


0.73 


0.80 


0.86 


0.91 


0.97 


1.01 


1.05 


1.08 


1.10 


1.14 


10 
11 
12 
13 
14 


0.32 
0.31 
0.29 
0.26 
0.24 


0.38 
0.35 
0.32 
0.29 
0.26 


0.43 
0.40 
0.36 
0.32 
0.29 


0.48 
0.44 
0.40 
0.35 
0.31 


0.52 
0.48 
0.43 
0.38 
0.34 


0.57 
0.51 
0.46 
0.41 
0.36 


0.60 
0.55 
0.50 
0.44 
0.38 


0.64 
0.58 
0.52 
0.46 
0.40 


0.67 
0.60 
0.54 
0.48 
0.41 


0.70 
0.63 
0.56 
0.49 
0.42 


0.72 
0.65 
0.58 
0.51 
0.44 


0.74 
0.66 
0.59 
0.52 
0.45 


0.75 
0.68 
0.60 
0.53 
0.46 


0.77 
0.70 
0.62 
0.55 
0.47 


15 
16 
17 
18 
10 


0.20 
0.17 
0.13 
0.09 
0.05 


0.22 
0.18 
0.14 
0.10 
0.05 


0.24 
0.20 
0.15 
0.10 
0.05 


0.26 
0.22 
0.16 
0.11 
0.06 


0.28 
0.23 
0.18 
0.12 
0.06 


0.30 
0.25 
0.19 
0.13 
0.06 


0.32 
0.26 
0.20 
0.13 
0.07 


0.33 
0.27 
0.20 
0.14 
0.07 


0.34 
0.28 
0.21 
0.14 
0.07 


0.36 
0.28 
0.21 
0.14 
0.07 


0.36 
0.29 
0.22 
0.15 
0.08 


0.37 
0.30 
0.23 
0.15 
0.08 


0.38 
0.31 
0.23 
0.15 
0.08 


0.39 
0.32 
0.24 
0.16 
0.08 


17.5 


0.11 


0.12 


0.12 


0.14 


0.15 


0.16 


0.16 


0.17 


0.17 


0.18 


0.18 


0.19 


0.19 


0.20 


15.56 
(60**F.) 


0.18 


0.20 


0.22 


0.24 


0.26 


0.28 


0.29 


0.30 


0.30 


0.32 


0.33 


0.33 


0.34 


0.34 




Add— 


21 
22 
23 
24 
25 


0.04 
0.10 
0.16 
0.21 
0.27 


0.05 
0.10 
0.16 
0.22 
0.28 


0.06 
0.11 
0.17 
0.23 
0.30 


0.06 
0.12 
0.17 
0.24 
0.31 


0,06 
0.12 
0.19 
0.26 
0.32 


0.07 
0.13 
0.20 
0.27 
0.34 


0.07 
0.14 
0.21 
0.28 
0.35 


0.07 
0.14 
0.21 
0.29 
0.36 


0.07 
0.15 
0.22 
0.30 
0.38 


0.08 
0.15 
0.23 
0.31 
0.38 


0.08 
0.16 
0.24 
0.32 
0.39 


0.08 
0.16 
0.24 
0.32 
0.39 


0.08 
0.16 
0.24 
0.32 
0.40 


0.09 
0.16 
0.24 
0.32 
0.39 


26 
27 
28 
29 
30 


0.33 
0.40 
0.46 
0.54 
0.61 


0.34 
0.41 
0.47 
0.55 
0.62 


0.36 
0.42 
0.49 
0.56 
0.63 


0.37 
0.44 
0.51 
0.59 
0.66 


0.40 
0.46 
0.54 
0.61 
0.68 


0.40 
0.48 
0.56 
0.63 
0.71 


0.42 
0.50 
0.58 
0.66 
0.73 


0.44 
0.52 
0.60 
0.68 
0.76 


0.46 
0.54 
0.61 
0.70 
0.78 


0.47 
0.54 
0.62 
0.70 
0.78 


0.47 
0.55 
0.63 
0.71 
0.79 


0.48 
0.56 
0.64 
0.72 
0.80 


0.48 
0.56 
0.64 
0.72 
0.80 


0.48 
0.56 
0.64 
0.72 
0.81 


35 


0.99 


1.01 


1.02 


1.06 


1.10 


1.13 


1.1$ 


1.18 


1.20 


1.21 


1.22 


1.22 


1.23 


1.22 


40 


1.42 


1.45 


1.47 


1.51 


1.54 


1.57 


1.60 


1.62 


1.64 


1.65 


1.65 


1.65 


1.66 


1.65 


45 


1.91 


1.94 


1.96 


2.00 


2.03 


2.05 


2.07 


2.09 


2.10 


2.10 


2.10 


2.10 


2.10 


2.08 


50 


2.46 


2.48 


2.50 


2.53 


2.56 


2.57 


2.58 


2.59 


2.59 


2.58 


2.58 


2.57 


2.56 


2.52 


55 


3.05 


3.07 


3.09 


3.12 


3.12 


3.12 


3.12 


3.11 


3.10 


3.08 


3.07 


3.05 


3.03 


2.97 


60 


3.69 


3.72 


3.73 


3.73 


3.72 


3.70 


3.67 


3.65 


3.62 


3.60 


3.57 


3.54 


3.50 


3.43 


27.5 


0.43 


0.44 


0.46 


0.48 


0.50 


0.52 


0.54 


0.56 


0.58 


0.58 


0.59 


0.60 


0.60 


0.60 



1. Wiss. Abh. der Kaiserliciien Normal-Eichungs-Kom mission, 2, p. 140; 1900. 



XXXI 



REFERENCE TABLES 



343 



Geerlios' Table. 
Eor dry substance in sugar-house products by the AlAe refractometer, al 2S^C. 



INDEX 


PER 
CENT 
DRY 
SUB- 
STANCE 


DBCIldLALS 

TO BE 

ADDED POR 

FRACTIONAL 

READINGS* 


INDEX 


PER 
CENT 
DRY 
SUB- 
STANCE 


DECIBCALS 

TO BE 

ADDED POR 

FRACTIONAL 

REAJ>INOS* 


INDEX 


PER 
CENT 
DRY 
SUB- 
STANCE 


DECIMALS 

TO BE 

ADDED FOB 

FRACTIONAL 

READINOS* 


1.3335 
1.3349 
1.3364 
1.3379 
1.3394 
1.3409 
1.3424 
1.3439 
1.3454 
1.3469 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


0.0001=0.05 

0.0002=0.1 

0.0003=0,2 

0.0004=0.25 

0.0005=0.3 

0.0006=0.4 

0.0007=0.6 

0.0008=0.6 

0.0009=0.7 

0.0010=0.75 

0.0011=0.8 

0.0012=0.8 

0.0013=0.85 

0.0014=0.9 

0.0016=1.0 


1.3484 
1.3500 
1.3516 
1.3530 
1.3546 
1.3562 
1.3578 
1.3594 
1.3611 
1.3627 
1.3644 
1,3661 
1.3678 
1.3695 
1.3712 
1.3729 


11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


0.0001=0.05 

0.0002=0.1 
0.0003=0.2 
0.0004=0.26 
0.0005-0.3 
0.0006—0.4 
0.0007=0.45 
0.0008=0.5 
0.0009=0.6 
0.0010=0.65 
0.0011=0.7 
0.0012=0.76 
0.0013=0.8 
0.0014—0.85 
0.0015—0.9 
16=0.95 


1.3746 
1.3764 
1.3782 
1,3800 
1,3818 
1,3836 
1.3854 
1.3872 
1.3890 
1.3909 
1.3928 
1.3947 
1.3966 
1,3984 
1.4003 


27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 


0.0001—0.06 

0.0002=0.1 

0.0003=0.16 

0.0004=0.2 

0.0006=0.25 

0.0006=0.3 

0.0007=0.35 

0.0008=0.4 

0.0009=0.45 

0.0010=0.6 

0.0011=0.65 

0.0012=0.6 

0.0013=0.66 

0.0014=0.7 

0.0015—0.76 

0.0016—0.8 

0.0017=0.85 

0.0018—0.9 

0.0019—0.95 

0.0020—1.0 

0.0021 =1.0 


1.4023 
1.4043 
1.4063 
1.4083 
1.4104 
1.4124 
1.4145 
1.4166 
1.4186 
1.4207 
1.4228 
1.4249 
1.4270 


42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 


0.0001=0.05 

0.0002—0.1 

0.0003-0.15 

0.0004=0.2 

0.0005—0.25 

0.0006=0.3 

0.0007—0.35 

0.0008=0.4 

0.0009=0,45 

0.0010=0.5 

0.0011=0.55 

0.0012—0.8 

0.0013—0.65 

0.0014—0.7 

0.0016=0.75 

0.0016—0.8 

0.0017=0.85 

0.0018—0.9 

0.0019=0.95 

0.0020=1.0 

0.0021=1.0 


1.4292 
1.4314 
1.4337 
1.4359 
1.4382 
1.4405 
1.4428 
1.4451 
1.4474 
1.4497 
1.4520 
1.4543 
1.4567 
1.4591 
1,4615 
1.4639 
1.4663 
1.4687 


55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 


0.0001 =0.05 

0.0002—0.1 

0.0003—0.1 

0.0004—0.15 

0.0005=0.2 

0.0006—0.26 

0.0007=0.3 

0.0008—0.35 

0.0009—0.4 

0.0010=0.45 

0.0011—0.5 

0.0012—0.5 

0.0013=0.55 

0.0014=0.6 

0.0015=0.66 

0.0016—0.7 

0.0017=0.75 

0.0018=0.8 

0.0019=0.85 

0.0020=0.9 

0.0021=0.9 

0.0022=0.95 

0.0023=1.0 

0.0024=1.0 


1.4711 
1.4736 
1.4761 
1.4786 
1.4811 
1.4836 
1.4862 
1.4888 
1.4914 
1.4940 
1.4966 
1.4992 
1.5019 
1.5046 
1.5073 
1.5100 
1.5127 
1.5155 

• 


73 
74 
75 

76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


0.0001—0.0 

0.0002—0.05 

0.0003—0.1 

0.0004=0.16 

0.0006=0.2 

0.0006=0.2 

0.0007=0.25 

0.0008=0.3 

0.0009=0.36 

0.0010=0.36 

0.0011=0.4 

0.0012=0.45 

0.0013—0.5 

0.0014—0.6 

0.0015=0.56 

0.0016—0.6 

0.0017=0.66 

0.0018=0.65 

0.0019=1.7 

0.0020=0.76 

0.0021—0.8 

0.0022=0.8 

0.0023—0.85 

0.0024—0.9 

0.0026=0.9 

0.0026=0.95 

0.0027=1.0 

0.0028—1.0 



* Find in the table the refractive index which is next lower than the reading actually made and note 
the oorresponding whole number for the per cent of dry subetance. Subtract the refractive index obtained 
from the table from the observed reading; the decimal oorresponding to this difference, as given in ths 
column 8o marked, is added to the whole per cent of dry substance as first obtained. 
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Correetioiu for (emperature to be used in conjuneiion wiih 5. 



TBMPBRA- 


DRY SUBSTANCE 




TURB OF 






THE 




























FIII8M8 IN 





5 


10 


15 


20 


25 


30 


40 


50 


GO 


70 


80 


90 




Subtract — 


20 


0.53 


0.54 


0.55 


0.56 


0.57 


0.58 


0.60 


0.62 


0.64 


0.62 


0.61 


0.60 


0.58 


21 


0.46 


0.47 


0.48 


0.49 


0.50 


0.51 


0.52 


0.54 


0.56 


0.54 


0.53 


0.52 


0.50 


22 


0.40 


0.41 


0.42 


0.42 


0.43 


0.44 


0.45 


0.47 


0.48 


0.47 


0.46 


0.45 


0.44 


23 


0.33 


0.33 


0.34 


0.35 


0.36 


0.37 


0.38 


0.39 


0.40 


0.39 


0.38 


0.38 


0.38 


24 


0.26 


0.26 


0.27 


0.28 


0.28 


0.29 


0.30 


0.31 


0.32 


0.31 


0.31 


0.30 


0.30 


25 


0.20 


0.20 


0.21 


0.21 


0.22 


0.22 


0.23 


0.23 


0.24 


0.23 


0.23 


0.23 


0.22 


26 


0.12 


0.12 


0.13 


0.14 


0.14 


0.15 


0.15 


0.16 


0.16 


0.16 


0.15 


0.15 


0.14 


27 


0.07 


0.07 


ojyr 


0.07 


0.07 


0.07 


0.08 


0.08 


0.08 


0.08 


0.08 


0.08 


0.07 




Add— 


29 


0.07 


0.07 


0.07 


0.07 


0.07 


0.07 


0.08 


0.08 


0.08 


0.08 


0.08 


0.08 


0.07 


30 


0.12 


0.12 


0.13 


0.14 


0.14 


0.14 


0.15 


0.15 


0.16 


0.16 


0.16 


0.15 


0.14 


31 


0.20 


0.20 


0.21 


0.21 


0.22 


0.22 


0.23 


0.23 


0.24 


0.23 


0.23 


0.23 


0.22 


32 


0.26 


0.26 


0.27 


0.28 


0.28 


0.29 


0.30 


0.31 


0.32 


0.31 


0.31 


0.30 


0.30 


33 


0.33 


0.33 


0.34 


0.35 


0.36 


0.37 


0.38 


0.39 


0.40 


0.39 


0.38 


0.38 


0.38 


34 


0.40 


0.41 


0.42 


0.42 


0.43 


0.44 


0.45 


0.47 


0.48 


0.47 


0.46 


0.45 


0.44 


35 


0.46 


0.47 


0.48 


0.49 


0.50 


0.51 


0.52 


0.54 


0.56 


0.54 


0.53 


0.52 


0.50 
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Alcohol Table. 

(Calculated by U. S. Bureau of Standards from its experimental results.) 

For ealeulating the pereerUages of alcohol in mixtures of ethyl akohol and waierfrom their 

specific gravities. 





ALCOHOL 






ALCOHOL 






ALCOHOL 




SPECIFIC 








sPBcmc 

GRAVITY 








8PBCIFIC 
GRAVITY 








GR4\ITY 










1 










2lfC. 


Per cmt 

by volume 

at 20* C. 


P^ 

cent by 

weight 




20*>C. 


Per oefat 

by volume 

at 20° C. 


Per ' 
cent by 
wei^t 


Grams 


20° C. 


P«rcent 

by volume 

at 20° C. 

4.50 


P«r 

cent by 
weight 


Grams 


4« 


100 oc. 


4« 


per 

100 cc. 

1.78 


4« 

0.99174 


per 

100 oc. 


0.99823 


0.00 


0.00 


0.00 


0.99492 


2.25 


1J9 


O.Oo 


3.55 


0.99815 


0.05 


0.0^ 


0.04 


0.99485 


2.30 


1.82 


1.81 


0.99168 


4.55 


3.62 


3.59 


0.998O8 


0.10 


0.08 


0.08 


0.99477 


2.35 


1.86 


1.85 


0.99161 


4.60 


3.66 


3.63 


0.998OO 


0.15 


0.12 


0.12 


0.99470 


2.40 


1.90 


1.89 


0.99154 


4.65 


3.70 


3.67 


0.99793 


0.20 


0.16 


0.16 


0.99463 


2.45 


1.9^ 


1.93 


0.99147 


4.70 


3.7I4 


3.71 


0.99785 


0.25 


0,20 


0.20 


0.99456 


2.50 


1.98 


1.97 


0.99140 


4.75 


3.78 


3.75 


0.99778 


0.30 


0.2^4 


0.24 


0.99449 


2.55 


2.02 


2.01 


0.99133 


4.80 


3.82 


3.79 


0.9977O 


0.35 


0.28 


0.28 


0.99442 


2.60 


2.06 


2.05 


0.99127 


4.85 


3.86 


3.88 


0.99763 


0.40 


0.32 


0.32 


0.99434 


2.65 


2.10 


2.09 


0.99120 


4.90 


3.90 


3.87 


0.99755 


0.45 


0.36 


0.36 


0.99427 


2.70 


2.U 


2.13 


0.99113 


4.95 


3.9^4 


3.91 


0.99748 


0.50 


0.40 


0.40 


0.99420 


2.75 


2.18 


2.17 


0.99106 


5.00 


jr.*io 


3.95 


0.99741 


0.55 


0.44 


0.44 


0.99413 


2.80 


2.22 


2.21 


0.99100 


5.05 


4.02 


3.99 


0.99734 


0.60 


0.47 


0.47 


0.99405 


2.85 


2.26 


2.25 


0.99093 


5.10 


i4.06 


4.03 


0.99726 


0.65 


0.51 


0.51 


0.99398 


2.90 


2.30 


2.29 


0.99087 


5.15 


I4.IO 


4.07 


0.99719 


0.70 


0.55 


0.55 


0.99391 


2.95 


2.J4 


2.33 


0.99080 


5.20 


I4.II4 


4.10 


0.99711 


0.75 


0.59 


0.59 


0.99384 


3.00 


2.38 


2.37 


0.99073 


5.25 


t4A8 


4.14 


0.997O4 


0.80 


0.63 


0.63 


0.99377 


3.05 


2.1*2 


2.41 


0.99066 


5.30 


I4.22 


4.18 


0.99697 


0.85 


0.67 


0.67 


0.99370 


3.10 


2.U6 


2.45 


0.99060 


535 


U.26 


4.22 


0.9969O 


0.90 


0.71 


0.71 


0.99362 


3.15 


2.50 


2.49 


0.99053 


5.40 


I4.3O 


4.26 


0.99682 


0.95 


0.75 


0.75 


0.99355 


3.20 


2.5^ 


2.53 


0.99047 


5.45 


t4.3t4 


4.30 


0.99675 


1.00 


0.79 


0.79 


0.99348 


3.25 


2.58 


2.57 


0.99040 


5.50 


i4.38 


4.34 


n.99667 


1.05 


0.83 


0.83 


0.99341 


3.30 


2.62 


2.60 


0.99033 


5.55 


I4.I42 


4.38 


0.9966O 


1.10 


0.87 


0.87 


0.99334 


3.35 


2.66 


2.64 


0.99026 


5.60 


t4.tS 


4.42 


0.99652 


1.15 


0.91 


0.91 


0.99327 


3.40 


2.70 


2.68 


0.99020 


5.65 


4.50 


4.46 


0.99645 


1.20 


0.95 


0.95 


0.99320 


3.45 


2.7U 


2.72 


0.99013 


5.70 


4.54 


4.60 


0.99638 


1.25 


0.99 


0.99 


0.99313 


3.50 


2.78 


2.76 


0.99006 


5.75 


i4.5S 


«4 


0.99631 


1.30 


1.03 


1.03 


0.99306 


3.55 


2.82 


2.80 


0.98999 


5.80 


14.62 


4.58 


0.99623 


1.35 


1.07 


1.07 


0.99299 


3.60 


2.86 


2.84 


0.98993 


5.85 


U.66 


4.62 


0.99616 


1.40 


1.11 


1.11 


0.99292 


3.65 


2.90 


2.88 


0.98986 


5.90 


I4.7O 


4.66 


0.996O8 


1.45 


1.15 


1.15 


0.99285 


3.70 


2.9/i 


2.92 


0.98980 


5.95 


l4.7U 


4.70 


0,99601 


1.50 


1.19 


1.19 


0.99278 


3.75 


2.98 


2.96 


0.98973 


6.00 


U.78 


4.74 


0.99594 


1.55 


1.23 


1.23 


0.99271 


3.80 


3.02 


3.00 


0.98967 


6.05 


f4.82 


4.78 


0.99587 


1.60 


1.27 


1.26 


0.99264 


3.85 


3.06 


3.04 


0.98960 


6.10 


i4.87 


4.82 


0.99579 


1.65 


1.31 


1.30 


0.99257 


3.90 


3.10 


3.08 


0.98954 


6.15 


I4.9I 


4.86 


0.W572 


1.70 


1.35 


1.34 


0.99250 


3.95 


3.U 


3.12 


0.98947 


6.20 


I4.95 


4.89 


0.99564 


1.75 


1.39 


1.38 


0.99243 


4.00 


3.18 


3.16 


0.98941 


6.25 


i4.99 


4.93 


0.99557 


1.80 


1./43 


1.42 


0.99236 


4.05 


3.22 


3.20 


0.98934 


6.30 


5.03 


4.97 


0.99550 


1.85 


1.^7 


1.46 


0.99229 


4.10 


3.26 


3.24 


0.98928 


6.35 


5.07 


5.01 


0.99543 


1.90 


1.51 


1.50 


0.99222 


4.15 


3.30 


3.28 


0.98921 


6.40 


5.11 


5.05 


0.99535 


1.95 


1.55 


1.54 


0.99215 


4.20 


3.3^ 


3.32 


0.98915 


6.45 


5.15 


5.09 


0.99528 


2.00 


1.59 


1.58 


0.99208 


4.25 


3.38 


3.36 


0.98908 


6.50 


5.19 


5.13 


0.99520 


2.05 


1.63 


1.62 


0.99201 


4.30 


3.^2 


3.39 


0.98902 


6.55 


5.23 


5.17 


0.09513 


2.10 


1.67 


1.66 


0.99195 


4.35 


3.^46 


3.43 


0.98895 


6.60 


5.27 


5.21 


O.JK)506 


2.15 


1.71 


1.70 


0.99188 


4.40 


3.50 


3.47 


0.98889 


6.65 


5.31 


5.25 


0.99499 


2.20 


1.75 


1.74 


0.99181 


4.45 


J.54 


3.51 


0.98882 


6.70 


5.35 


5.29 
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.•IPBCIFIC 


ALCOHOL 


apEcmc 

OBAVITY 


ALCOHOL 


apBcinc 

ORWITY 


ALCOHOL 


GRAVITY 




















20«»C. 


Percent 

by volume 

at 20° C. 


Per 

oent by 
weiKht 


Grams 


20" C. 


P^cent 


Ptar 


Gnum 


20" C. 


Per oenl 


Ptr 


Grams 


A- 


100 oc. 


4« 
0.98566 


at 20° C. 1 weight 

9.25 7.f4l 


per 

100 oc. 

7.30 


4° 


at 20° C. weight 


per 

lOf) or. 


0.98876 


6.75 


5.39 


5.33 


0.98267 


11.75 


P.44 


9.28 


0.98870 


6.80 


.5.4,? 


5.37 


0.98560 


9.30 


7./45 


7.34 


0.98261 


11.80 


9.i$8 


9.31 


0.98864 


6.85 


.5.47 


5.41 


0.98554 


9.35 


7.^49 


7.38 


0.98255 


11.85 


9.52 


9.:^.5 


0.98857 


6.90 


5.51 


5.45 


0.98549 


9.40 


7.53 


7.42 


0.98250 


11.90 


9.56 


9..39 


0.98851 


6.95 


5.55 


5.49 


0.98543 


9.45 


7.57 


7.46 


0.98244 


11.95 


9.60 


9.4.3 


0.98845 


7.00 


5.59 


5.53 


0.98537 


9.50 


7.61 


7.50 


0.98238 


12.00 


9.6^s 


9.47 


0.98839 


7.05 


5.63 


5.57 


0.98,531 


9.55 


7.65 


7.54 


0.98232 


12.05 


9.68 


9.51 


0.98832 


7.10 


5.67 


5.60 


0.98524 


9.60 


7.69 


7.58 


0.98226 


12.10 


9.72 


9.. 5.5 


0.98826 


7.15 


5.71 


5.64 


0.98518 


9.65 


7.73 


7.62 


0.98220 


12.15 


9.76 


9..59 


0.98820 


7.20 


5.75 


5.68 


0.98512 


9.70 


7.77 


7.66 


0.98214 


12.20 


9.80 


9.6.3 


0.98813 


7.25 


5.79 


5.72 


0.98506 


9.75 


7.81 


7.70 


0.98208 


12.25 


9.8^i 


9.67 


Q.98806 


7.30 


5.83 


5.76 


0.98.501 


9.80 


7.85 


7.73 


0.98203 


12.30 


9.89 


9.71 


0.98800 


7.35 


5.87 


5.80 


0.98495 


9.85 


7.89 


7.77 


0.98197 


12.35 


9.93 


9.75 


0.98794 


7.40 


5.91 


5.84 


0.98488 


9.90 


7.93 


7.81 


0.98191 


12.40 


9.97 


9.79 


0.98788 


7.45 


5.95 


5.88 


0.98482 


9.95 


7.97 


7.85 


0.98185 


12.45 


10.01 


9.83 


0.98781 


7.50 


5.99 


5.92 


0.98476 


10.00 


8.02 


7.89 


0.98180 


12.50 


10.05 


9.87 


0.98775 


7.55 


6.03 


5.96 


0.98470 


10.05 


8.06 


7.93 


0.98174 


12.55 


10.09 


9.91 


0.98769 


7.60 


6.07 


6.00 


0.98463 


10.10 


8.10 


7.97 


0.98168 


12.60 


10.13 


9.95 


0.98763 


7.65 


6.11 


6.04 


0.98457 


10.15 


8. Us 


8.01 


0.98162 


12.65 


10.17 


9.99 


0.98756 


7.70 


6.15 


6.08 


0.98452 


10.20 


8.18 


8.05 


0.98156 


12.70 


10.21 


lo.as 


0.98750 


7.75 


6.19 


6.12 


0.98446 


10.25 


8.22 


8.09 


0.981.50 


12.75 


10.25 


10.07 


0.98744 


7.80 


6.2^ 


6.16 


0.98441 


10.30 


8.26 


8.13 


0.98145 


12.80 


10.29 


lO.lO 


0.98738 


7.85 


6.28 


6.20 


0.98435 


10.35 


8.30 


8.17 


0.981.39 


12.85 


10 J3 


10.14 


0.98731 


7.90 


6.32 


6.24 


0.98428 


10.40 


8.3^ 


8.21 


0.081.32 


12.90 


10.38 


lO.lS 


0.98725 


7.95 


6.36 


6.28 


0.98422 


10.45 


8.38 


8.25 


0.98127 


12.95 


10.^2 


10.22 


0.98718 


8.00 


6.^ 


6.32 


0.98416 


10.50 


8./i2 


8.29 


0.98122 


13.00 


10.^46 


10.26 


0.98712 


8.05 


6.^4 


6.36 


0.98410 


10.55 


8./s6 


8.33 


0.98116 


13.05 


10.50 


10.30 


0.98706 


8.10 


6.^8 


6.39 


0.98404 


10.60 


8.50 


8..37 


0.98111 


13.10 


10.5f4 


10.34 


0.98700 


8.15 


6.52 


6.43 


0.98398 


10.65 


8M 


8.41 


0.98105 


13.15 


10.58 


10.3S 


0.98694 


8.20 


6.56 


6.47 


0.98391 


10.70 


8.58 


8.45 


0.98100 


13.20 


10.62 


10.42 


0.98688 


8.25 


6.60 


6.51 


0.98385 


10.75 


8.62 


8.49 


0.98094 


13.25 


10.66 


10.46 


0.98682 


8.30 


6.6^t 


6.55 


0.98379 


10.80 


8.66 


8.52 


0.98089 


13.30 


10.70 


10.50 


0.98676 


8.35 


6.68 


6.59 


0.98373 


10.85 


8.70 


8.56 


0.98083 


13.35 


10.7^4 


10..54 


0.98670 


8.40 


6.72 


6.63 


0.98368 


10.90 


8.75 


8.60 


0.98077 


13.40 


10.78 


10..58 


0.98664 


8.45 


6.76 


6.67 


0.98362 


10.95 


8.79 


8.64 


0.98071 


13.45 


10.82 


10.62 


0.98658 


8.50 


6.80 


6.71 


0.983.56 


11.00 


8.83 


8.68 


0.98066 


13.50 


10.86 


10.66 


0.98652 


8.55 


6.8't 


6.75 


0.98350 


11.05 


8.87 


8.72 


0.98060 


13.55 


10.90 


10.70 


0.98646 


8.60 


6.88 


6.79 


0.98344 


11.10 


8.91 


8.76 


0.98054 


13.60 


10.95 


10.74 


0.98640 


8.65 


6.92 


6.83 


0.98338 


11.15 


8.95 


8.80 


0.98048 


13.65 


10.99 


10.78 


0.98633 


8.70 


6.96 


6.87 


0.98332 


11.20 


8.99 


8.84 


0.98043 


13.70 


11.03 


10.81 


0.98627 


8.75 


7.00 


6.91 


0.98326 


11.25 


9.03 


8.88 


0.98037 


13.75 


11.07 


10.85 


0.98620 


8.80 


7.0'i 


6.95 


0.98320 


11.30 


9.07 


8.92 


0.98031 


13.80 


11.11 


10.89 


0.98614 


8.85 


7.08 


6.99 


0.98314 


11.35 


9.11 


8.96 


0.98025 


13.85 


11.15 


10.93 


0.98608 


8.90 


7.12 


7.a3 


0.98H08 


11.40 


9.15 


9.00 


0.98020 


13.90 


11.19 


10.97 


0.98602 


8.95 


7.16 


7.07 


0.98302 


11.45 


9.19 


9.04 


0.98014 


13.95 


11.23 


11.01 


0.98596 


9.00 


7.20 


7.10 


0.98296 


11.50 


.9.?.? 


9.08 


0.98009 


14.00 


11.28 


11.05 


0.98590 


9.05 


7.2^i 


7.14 


0.98290 


11.55 


9.27 


9.12 


0.98003 


14.05 


11.32 


11.09 


0.98584 


9.10 


7.29 


7.18 


0.98285 


11.60 


9.32 


9.16 


0.97998 


14.10 


11.36 


11.13 


0.98578 


9.15 


7.33 


7.22 


0.98279 


11.65 


9.36 


9.20 


0.97992 


14.15 


11M 


11.17 


0.98572 


9.20 


7.37 


7.26 


0.98273 


11.70 


9.¥> 


9.24 


0.97986 


14.20 


11.f4t4 


11.21 
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Aux>HOL Table. — Continued. 



^PBCIPTC 
GKAVITY 



0.97980 
0.97975 
0.97969 
0.97964 
0.97958 

0.97953 
0.97947 
0.97942 
0.97936 
0.97930 

0.97924 
0.97919 
0.97913 
0.979O8 
0.979O2 

0.97897 
0.97891 
0.97SX5 
0.97879 
0.97874 

0.97868 
0,978^3 
0.97857 
0.97852 
0.97846 

0.97841 
0.978:J5 
0.97830 
0.97824 
0.97819 

0.97813 
0.07808 
0.97802 
0.97797 
0.97791 

0.97786 
0.97780 
0,97775 
0.97769 
0.97764 

0.97758 
0.97753 
0.97747 
0,97742 
0.97737 

0.97732 
0.97726 
0.97721 
0.97715 
0.97710 



ALCOHOL 



' Per ooDt 
hy voJame 
I at 20" C. 



P«9r 

cent by 

weight 



Grams 
p0r 

100 GC. 



14.25 
14.30 
14.35 
14.40 
14.45 

14.50 
14.55 
14.60 
14.65 
14.70 

14.75 
14.80 
14.85 
14.90 
14.95 

15.00 
15.05 
15.10 
15.15 
15.20 

15.25 
15.30 
15.35 
15.40 
15.45 

15.50 
15.55 
15.60 
15.65 
15.70 

15.75 
15.80 
15.85 
15.90 
15.95 

16.00 
16.05 
16.10 
16.15 
16.20 

16.25 
16.30 
16.35 
16.40 
16.45 

16.50 
16.55 
16.60 
16.65 
16.70 



11M 11.26 

1i.52 11.29 

11.56 11.33 

11.60 11.37 

11M 11.41 

11.68 11.44 

11.72 11.48 

11.77 11.52 

11.81 11.56 

11.85 11.60 

11.89 11.64 

11.93 11.68 

11.97 11.72 

12.01 11.76 

12.05 11.80 

12.09 11.84 

12.13 11.88 

12.18 11.92 

12.22 11.96 

12.26 12.00 



12.30 
12.3^ 
12.38 
12./42 
12.^ 

12.50 
12.5^ 
12.59 
12.63 
12.67 

12.71 
12.75 
12.79 
12.83 
12.87 

12.92 
12.96 
13.00 
13.0^ 
13.08 

13.12 
13.16 
13.20 
13.2^ 
13.28 

13.33 
13.37 
13.^1 
13.fi5 
13.^49 



12.04 
12.08 
12.12 
12.16 
12.20 

12.23 
12.27 
12.31 
12.35 
12.39 

12.43 
12.47 
12.51 
12.65 
12.59 

12.63 
12.67 
12.71 
12.75 
12.79 

12.83 
12.87 
12.91 
12.95 
12.99 

13.02 
13.06 
13.10 
13.14 
13.18 



spBcinc 

ORAVfTY 

20" C. 



ALOOROL 



Par oent i Per 
by volume' ceot by 
at 20° G. ; weight 



Grams 

per 
100 oc. 



0.97704 

0.97699 
0.97694 
0.97689 
0.97683 

0.97678 
0.97672 
0.97667 
0.97661 
0.97656 

0.97650 
0.97645 
0.97639 
0.97634 
0.97629 

0.97624 
0.97618 
0.97613 
0.97607 
0.97602 

0.97596 
0.97591 
0.97686 
0.97581 
0.97575 

0.97570 
0.97564 
0.97559 
0.97553 
0.97548 

0.97542 
0.97538 
0.97632 
0.97527 
0.97522 

0.97517 
0.97512 
0.97507 
0.97501 
0.97496 

0.97490 
0.97485 
0.97479 
0.97474 
0.97469 

0.97464 
0.97459 
0.97454 
0.97449 
0.97444 



16.75 
16.80 
16.85 
16.90 
16.95 

17.00 
17.05 
17.10 
17.15 
17.20 

17.25 
17.30 
17.35 
17.40 
17.45 

17.50 
17.55 
17.60 
17.65 
17.70 

17.75 
17.80 
17.85 
17.90 
17.95 

18.00 
1&05 
18.10 
18.15 
1&20 

18.25 
18.30 
18.35 
18.40 
18.45 

18.50 
1&55 
18.60 
18.65 
18.70 

18.75 
18.80 
18.85 
18.90 
18.95 

19.00 
19.05 
19.10 
19.15 
19.20 



13.53 13.22 

13.57 13.26 

13.61 13.30 

13.66 13.34 

13.70 13.38 

13.7^ 13.42 

13.78 13.46 

13.82 13.60 

13.86 13.54 

13.90 13.68 

13,9^ 13.62 

13M 13.66 

U.02 13.70 

1/i.07 13.74 

1/i.11 13.78 



1U5 
1U9 
U.23 
U.27 
1/i.31 

U.35 
1U4i 

1^.52 

U.56 
U.60 
1^.6r$ 
U.68 
1^.73 

U.77 
U.81 
1^.85 
U.89 
U.93 

U.97 
15.01 
15.06 
15.10 
15.U 

15.18 
15.22 
15.26 
15.30 
15M 

15.39 
15.^ 
15.^47 
15.51 
15.55 



13.81 
13.85 
13.89 
13.93 
13.97 

14.01 
14.05 
14.09 
14.13 
14.17 

14.21 
14.26 
14.29 
14.33 
14.37 

14.41 
14.46 
14.49 
14.52 
14.56 

14.60 
14.64 
14.68 
14.72 
14.76 

14.80 
14.84 
14.88 
14.92 
14.96 

16.00 
15.04 
16.08 
16.12 
16.16 



8PBCIPIC 
OKAVITr 

20»C. 



ALCOHOL 



Per oent 

by volume 

at 2Xf C. 



Per 

cent by 

weight 



0.97438 
0.97433 
0.97428 
0.97423 
0.97417 

0.97412 
0.97407 
0.97402 
0.97396 
0.97391 

0.97386 
0.97381 
0.97375 
0.97370 
0.97364 

0.97359 
0.97364 
0.97349 
0.97344 
0.97339 

0.97333 
0.97328 
0.97322 
0.97317 
0.97311 

0.97306 
0.97300 
0.97295 
0.97289 
0.97284 

0.97278 
0.97273 
0.97268 
0.97263 
0.97257 

0.97262 
0.97247 
0.97242 
0.97237 
0.97232 

0.97227 
0.97222 
0.97216 
0.97210 
0.97204 

0.97199 
0.97193 
0.97188 
0.97183 
0.97178 



19.25 
19.30 
19.35 
19.40 
19.45 

19.50 
19.55 
19.60 
19.65 
19.70 

19.75 
19.80 
19.85 
19.90 
19.95 

20.00 
20.05 
20.10 
20.15 
20.20 

20.25 
20.30 
20.35 
20.40 
20.45 

20.50 
20.55 
20.60 
20.65 
20.70 

20.75 
20.80 
20.85 
20.90 
20.95 

21.00 
21.05 
21.10 
21.15 
21.20 

21.25 
21.30 
21.35 
21.40 
21.45 

21.50 
21.55 
21.60 
21.65 
21.70 



15.59 
15.6^ 
15,68 
15,72 
15.76 

15.80 

15.8U 
15.88 
15,92 
15.97 

16.01 
16.05 
16.09 
16.13 
16.17 

16.21 
16.25 
16.30 
16.3^ 
16.38 

16.^$2 
16.^46 
16.50 
16.55 
16.59 

16.63 
16.67 
16.71 
16.75 
16.80 

16M 
16.88 
16.92 
16.96 
17.00 

17.0^ 
17.08 
17.13 
17.17 
17.21 

17.25 
17.29 
17.33 
17.38 
17. ^$2 

17.m 
17.50 
17,5f4 
17.58 
17.63 



Grams 

per 

100 oc. 



16.20 
16.23 
16.27 
16.31 
16.35 

15.39 
16.43 
16.47 
15.61 
16.55 

15.59 
15.a3 
16.67 
15.71 
16.75 

15.79 
15.83 
15.87 
15.91 
16.95 

15.99 
16.02 
16.06 
16.10 
16.14 

16.18 
16.22 
16.26 
16.30 
16.34 

16.38 
16.42 
16.46 
16.60 
16.54 

16.68 
16.62 
16.66 
16.70 
16.73 

16.77 
16.81 
16.85 
16.89 
16.93 

16.97 
17.01 
17.05 
17.09 
17.13 
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AiiOoaoL Table. — Continued. 



SPECIFIC 


ALCOHOL 


fiPBCIFIC 

ORAVITY 

20«C. 


ALCOHOL 


SPECIFIC 

GRAVITY 

2ff>C. 


ALCOHOL 


GRAVITY 
20»C. 


Percent 

by volome 

at20»C. 

21.75 
21.80 
21.85 
21.90 
21.95 


Per 

cent by 

weight 

i7,S7 
i7.7i 

17,75 
17.79 
17.83 


Grams 

per 

100 oc. 

17.17 
17.21 
17.25 
17.29 
17.33 


Peroent ' Per 
by volume oant by 
at 20» C. . weight 

1 


Grams 

100 oc. 


P«r oent 

by vofame 

at20»C. 


Pw 

oant by 

wmght 

21.85 

21.90 
21M 
21.98 
22.02 


Grams 


4« 


4« 


4« 

0.96612 
0.96606 
0.96600 
0.96596 
0.96589 


per 

lOflcc. 


0.97172 
0.97167 
0.97161 
0.97156 
0.97150 


0.96896 
0.96891 
0.96885 
0.96880 
0.96874 


24.25 
24.30 
24.35 
24.40 
24.45 


19.75 
19.80 
19.8k 
19.88 
19.92 


19.14 
19.18 
19.22 
19.26 
19.30 


26.75 
26.80 
26.85 
26.90 
26.95 


21.12 
21.16 
21.20 
21.23 
21.27 


0.97145 
0.97139 
0.97134 
0.97128 
0.97123 


22.00 
22.05 
22.10 
22.15 
22.20 


17.88 
17.92 
17.96 
18.00 
18.0U 


17.37 
17.41 
17.45 
17.49 
17.52 


0.96860 
0.96863 
0.96857 
0.96851 
0.96846 


24.50 
24.55 
24.60 
24.65 
24.70 


19.96 
20.00 
20.05 
20.09 
20.13 


19.34 
19.38 
19.42 
19.46 
19.50 


0.96583 
0.96577 
0.96571 
0.96565 
0.96559 


27.00 
27.05 
27.10 
27.15 
27.20 


22.07 
22.11 
22.15 
22.19 
22.2k 


21.31 
21.35 
21.39 
21.43 
21.47 


0.97118 
0.97113 
0.97107 
0.97102 
0.97096 


22.25 
22.30 
22.35 
22.40 
22.45 


18.08 
18.13 
18.17 
18.21 
18.25 


17.66 
17.60 
17.64 
17.68 
17.72 


0.96840 
0.96835 
0.96829 
0.96823 
0.96817 


24.75 
24.80 
24.85 
24.90 
24.95 


20.17 
20.22 
20.26 
20.30 
20.3k 


19.54 
19.58 
19.62 
19.66 
19.70 


0.96553 
0.96548 
0.96542 
0.96536 
0.96530 


27.25 
27.30 
27.35 
27.40 
27.45 


22.28 
22.32 
22.36 
22.k0 
22.kk 


21.51 

21. .55 
21.59 
21.63 
21.67 


0.97091 
0.97085 
0.97080 
0.97074 
0.97069 


22.50 
22.55 
22.60 
22.65 
22.70 


18.29 
18.33 
18.38 
18.^2 
18.U6 


17.76 
17.80 
17.84 
17.88 
17.92 


0.96812 
0.96806 
0.96801 
0.96795 
0.96789 


25.00 
25.05 
25.10 
25.15 
25.20 


20.38 
20.k2 
20.k7 
20.51 
20.55 


19.73 
19.77 
19.81 
19.85 
19.89 


0.96525 
0.96519 
0.96513 
0.96507 
0.96501 


27.50 
27.55 
27.60 
27.65 
27.70 


22.k9 
22.53 
22.57 
22.61 
22.66 


21.71 
21.75 
21.79 
21.83 

21.87 


0.97063 
0.97058 
0.97052 
0.97047 
0.97041 


22.75 
22.80 
22.85 
22.90 
22.95 


18.50 
18.5k 
18.58 
18.63 
18.67 


17.96 
18.00 
18.04 
18.08 
18.12 


0.96783 
0.96778 
0.96772 
0.96766 
0.96760 


25.25 
25.30 
25.35 
25.40 
25.45 


20.59 
20.6k 
20.68 
20.72 
20.76 


19.93 
19.97 
20.01 
20.06 
20.09 


0.96495 
0.96489 
0.96483 
0.96477 
0.96471 


27.75 
27.80 
27.85 
27.90 
27.95 


22.70 

22.7k 
22.78 
22.83 
22.87 


21.91 
21.94 
21.98 
22.02 
22.06 


0.97036 
0.97030 
0.97025 
0.97019 
0.97013 


23.00 
23.05 
23.10 
23.15 
23.20 


18.71 
18.75 
18.79 
18.83 
18.88 


18.16 
18.20 
18.24 
18.28 
18.31 


0.96755 
0.96749 
0.96744 
0.96738 
0.96733 


25.50 
25.55 
25.60 
25.65 
25.70 


20.80 
20.8k 
20.89 
20.93 
20.97 


20.13 
20.17 
20.21 
20.25 
20.29 


0.96465 
0.96459 
0.96454 
0.96448 
0.96442 


28.00 
2&05 
28.10 
28.15 
28.20 


22.91 
22.95 
23.00 
23.0k 
23.08 


22.10 
22.14 
22.1K 
22.22 
22.26 


0.97007 
0.97002 
0.96996 
0.96991 
0.96985 


23.25 
23.30 
23.35 
23.40 
23.45 


18.92 
18.96 
19.00 
19.0ft 
19.08 


18.35 
18.39 
18.43 
18.47 
18.51 


0.96727 
0.96722 
0.96716 
0.96710 
0.96704 


25.75 
25.80 
25.85 
25.90 
25.95 


21.01 
21.06 
21.10 
21.1k 
21.18 


20.33 
20.37 
20.41 
20.44 
20.48 


0.96436 
0.96430 
0.96424 
0.96418 
0.96412 


28.25 
28.30 
2&35 
28.40 
28.45 


23.12 
23.17 
23.21 
23.25 
23.29 


22.30 
22.34 
22.38 
22.42 
22.46 


0.96980 
0.96974 
0.96969 
0.96963 
0.96958 


23.50 
23.55 
23.60 
23.65 
23.70 


19.13 
19.17 
19.21 
19.25 
19.29 


18.55 
18.59 
18.63 
18.67 
18.71 


0.96699 
0.96693 
0.96687 
0.96681 
0.96675 


26.00 
26.05 
26.10 
26.15 
26.20 


21.22 
21.26 
21.31 
21.35 
21.39 


20.52 
20.56 
20.60 
20.64 
20.68 


0.96406 
0.96400 
0.96393 
0.96387 
0.96381 


28.50 
28.55 
28.60 
2&65 
28.70 


23.33 
23.37 
23.k2 
23.k6 
23.51 


22.50 
22.54 
22.57 
22.61 
22.65 


0.96952 
0.96947 
0.96941 
0.96936 
0.96930 


23,75 
23.80 
23.85 
23.90 
23.95 


19.33 
19.38 
19.lt2 
19.^ 
19.50 


18.75 
18.79 

18.83 
18.87 
18.91 


0.96669 
0.96664 
0.96658 
0.96653 
0.96647 


26.25 
26.30 
26.35 
26.40 
26.45 


21.k3 
21.k8 
21.52 
21.56 
21.60 


20.72 
20.76 
20.80 
20.84 

20.88 


0.96375 
0.96369 
0.96363 
0.96357 
0.96351 


28.75 
28.80 
28.85 
28.90 
28.95 


23.55 
23.59 
23.63 
23.67 
23.71 


22.69 
22.73 
22.77 

22.S1 
22.85 


0.96925 
.0.96919 
0.96913 
0.96907 
0.96902 


24.00 
24.05 
24.10 
24.15 
24.20 


19.55 
19.59 
19.63 
19.67 
19.71 


18.94 
18.98 
19.02 
19.06 
19.10 


0.96641 
0.96635 
0.96630 
0.96624 
0.96618 


26.50 
26.55 
26.60 
26.65 
26.70 


21.6k 
21.68 
21.73 
21.77 

21.81 


20.92 
20.96 
21.00 
21.04 
21.08 


0.96346 
0.96340 
0.96334 
0.96328 
0.96322 


29.00 
29.05 
29.10 
29.15 
29.20 


23.76 
23.80 
23.8k 
23.88 
23S3 


22.89 
22.9:^ 
'22.97 
23.01 
'23.05 
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Alcohol Tabi.r. — Continued. 










sPECinc 


ALCOBOL 


gPBCIFIC 

GRAVITY 

20*' C. 


ALCOHOL 


SPECIFIC 
GRAVITY 

20* C. 


AlinOBOL 


- 


20° C. 


Perocot 
by vahiaie 

at20»C. 

29.25 
29.30 
29.35 
29.40 
29.45 


P«r 

oant by 

weight 

23J97 

2/4,05 
2U0 
2^.U 


Grams 

per 
100 oc. 

23.09 
23.13 
23.17 
23.21 
23.25 


P^oeot 

by vdmne 

at 20* C. 


P«r 

cent by 

weight 


Grams 

l(»oc. 

25.06 
25.10 
25.14 
25.18 
25.22 


P^oent Per 

by volume cent by 

at 20* C. weight 

34.25 28.26 
34.30 28.30 
34.35 28.34 
34.40 28.39 
34.45 28.43 


Grams 


4** 


4« 

0.96005 
0.95998 
0.95992 
0.95985 
0.95979 


4° 

0.95669 
0.95662 
0.95655 
0.95648 
0.95641 


lOOoc. 


0.96316 
0.96310 
0.96304 
0.96297 
0.96291 


31.75 
31.80 
31.85 
31.90 
31.95 


26.10 
26.15 
26.19 
26.23 
26.27 


27.03 
27.07 
27.11 
27.15 
27.19 


0.96285 
0.96279 
0.96273 
0.96267 
0.96261 


29.50 
29.55 
29.60 
29.65 
29.70 


2^.18 
2/i,22 
2^.27 
2^.31 
2/tJ5 


23.29 
23.33 
23.36 
23.40 
23.44 


0.95972 
0.95965 
0.95958 
0.95952 
0.95945 


32.00 
32.05 
32.10 
32.15 
32.20 


26.32 
26.36 
26.41 
26.45 
26.49 


25.26 
25.30 
25.34 
25.38 
25.42 


0.95634 
0.95627 
0.95619 
0.95612 
0.95605 


34.50 
34.55 
34.60 
34.65 
34.70 


28.48 
28.52 
28.56 
28.60 
28.65 


27.23 
27.27 
27.31 
27.35 
27.39 


0.96255 
0.96248 
0.96242 
0.96236 
0.96230 


29.75 
29.80 
29.85 
29.90 
29.95 


2^,39 
2^M 
2UM 
2^.52 
24.56 


23.48 
23.52 
23.56 
23.60 
23.64 


0.95939 
0.95932 
0.95926 
0.95920 
0.95913 


32.25 
32.30 
32.35 
32.40 
32.45 


26.53 
26.58 
26.62 
26.66 
26.70 


25.46 
25.50 
25.54 
25.58 
25.61 


0.96598 
0.95591 
0.95584 
0.95577 
0.96570 


34.75 
34.80 
34.85 
34.90 
34.95 


28.69 
28.74 
28.78 
28.82 
28.86 


27.43 
27.47 
27.51 
27.55 
27.59 


0.96224 
0.96218 
0.96211 
0.96205 
0.96199 


30.00 
30.05 
30.10 
30.15 
30.20 


2/t.6f 
2/t£5 
24£9 
2/4.73 
24.78 


23.68 
23.72 
23.76 
23.80 
23.84 


0.95906 
0.95900 
0.95893 
0.95887 
0.95880 


32.50 
32.55 
32.60 
32.65 
32.70 


26.75 
26.79 
26.83 
26.87 
26.92 


25.64 
25.68 
25.72 
25.76 
25.80 


0.95563 
0.95556 
0.95549 
0.95542 
0.95535 


35.00 
35.05 
35.10 
35.15 
35.20 


28.91 
28.95 
29.00 
29.04 
29.08 


27.63 
27.67 
27.71 
27.75 

27.78 


0.96193 
0.96187 
0.96181 
0.96175 
0.96169 


30.25 
30.30 
30.35 
30.40 
30.45 


24.82 
24.87 
24.9i 
24.95 
24.99 


23.88 
23.92 
23.96 
24.00 
24.04 


0.96873 
0.95866 
0.95859 
0.95^52 
0.95846 


32.75 
32.80 
32.85 
32.90 
32.95 


26.96 
27.01 
27.05 
27.09 
27.13 


25.84 
25.89 
25.93 
25.97 
26.01 


0.95528 
0.95521 
0.95513 
0.96506 
0.96499 


35.25 
35.30 
35.35 
35.40 
35.45 


29.12 
29.17 
29.21 
29.26 
29.30 


27.82 
27.86 
27.90 
27.94 
27.98 


0.96163 
0.96157 
0.96150 
0.96144 
0.96138 


30.50 
30.55 
30.60 
30.65 
30.70 


25.04 
25.08 
25.12 
25.16 
25.21 


24.08 
24.12 
24.15 
24.19 
24.23 


0.95839 
0.95833 
0.95826 
0.95819 
0.95812 


33.00 
33.05 
33.10 
33.15 
33.20 


27.18 
27.22 
27.27 
27.31 
27.35 


26.05 
26.09 
26.13 
26.17 
26.21 


0.96492 
0.95485 
0.96478 
0,95470 
0.95463 


35.50 
35.55 
35.60 
35.65 
35.70 


29.34 
29.38 
29.43 
29.47 
29.52 


28.02 
28.06 
28.10 
28.14 
28.18 


0.96132 
0.96125 
0.96119 
0.96112 
0.96106 


30.75 
30.80 
30.85 
30.90 
30.95 


25.25 
25.30 
25.34 
25.38 
25.42 


24.27 
24.31 
24.35 
24.39 
24.43 


0.95806 
0.95799 
0.95792 
0.95785 
0.95778 


33.25 
33.30 
33.35 
33.40 
33.45 


27.39 
27.44 
27.48 
27.52 
27.56 


26.25 
26.29 
26.33 
26.36 
26.40 


0.95456 
0.96449 
0.95441 
0.95434 
0.95426 


35.75 
35.80 
35.85 
35.90 
35.95 


29.56 
29.61 
29.65 
29.69 
29.73 


28.22 
28.26 
28.30 
28.34 
28.38 


0.96100 
0.96094 
0.96088 
0.96082 
0.96075 


31.00 
31.05 
31.10 
31.15 
31.20 


25.46 
25.50 
25.55 
25.59 
25.63 


24.47 
24.51 
24.55 
24.59 
24.63 


0.95771 
0.95764 
0.95757 
0.95751 
0.95745 


33.50 
33.55 
33.60 
33.65 
33.70 


27.61 
27.65 
27.70 
27.74 

27.78 


26.44 
26.48 
26.52 
26.56 
26.60 


0.95419 
0.95412 
0.95405 
0.95397 
0.95390 


36.00 
36.05 
36.10 
36.15 
36.20 


29.78 
29.82 
29.87 
29.91 
29.95 


28.42 
28.46 
28.49 
28.53 

28.57 


0.96069 
0.96062 
0.96056 
0.96049 
0.96043 


31.25 
31.30 
31.35 
31.40 
31.45 


25.67 
25.72 
25.76 
25.81 
25.85 


24.67 
24.71 
24.75 
24.79 
24.83 


0.95738 
0.95731 
0.95724 
0.95717 
0.95710 


33.75 
33.80 
33.85 
33.90 
33.95 


27.82 
27.87 
27.91 
27.96 
28.00 


26.64 
26.68 
26.72 
26.76 
26.80 


0.96382 
0.95375 
0.96367 
0.95360 
0.95353 


36.25 
36.30 
36.35 
36.40 
36.45 


29.99 
30.04 
30.09 
30.13 
30.17 


28.61 
28.65 
28.69 
28.73 

28.77 


0.96036 
0.96030 
0.96024 
0.96018 
0.96011 


31.50 
31.55 
31.60 
31.65 
31.70 


25.89 
25.93 
25.98 
26.02 
26.06 


24.86 
24.90 
24.94 
2498 
25.02 


0.95703 
0.95696 
0.95689 
0.95682 
0.95675 


34.00 
34.05 
34.10 
34.15 
34.20 


28.04 
28.08 
28.13 
28.17 
28.22 


26.84 
26.88 
26.92 
26.96 
26.99 


0.95346 
0.95338 
0.95331 
0.95323 
0.95315 


36.50 
36.55 
36.60 
36.65 
36.70 


30.22 
30.26 
30.31 
30.35 
30.39 


28.81 
28.85 
28.89 
28.93 
28.97 
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Aii(X)HOL Table. — Continued. 



SPECIPIG 


ALCOHOL 




SPBCIPIC 
ORAVITY 


AIX:OBOL 


BPBCinC 
aitAVITY 


ALCOBOL 


GRAVITY 
















1 




20° C. 


Percent 
by volume 

at20*C. 


cent by 
weight 


Grams 


20«C. 


Percent 

by volume 

at20*C. 


Per 


Grams 


20»C. 


Percent 


Per 1 


Grmms 


4« 


100 cc. 


4'» 

0.94926 


t oQuc oy 
1 weight 

32.63 


per 
100 cc. 

30.99 


4« 

0.94519 


Dy vonime oonir uj 
atao^C. weight, 

41.7S 34.86 


i(B^. 


0.95308 


36.75 


30.^ 


29.01 


39.25 


32.96 


0.95301 


36.80 


30./iS 


29.05 


0.94918 


39.30 


32.68 


31.02 


0.94510 


41.80 


34.91 


33.00 


0.95294 


36.85 


30.52 


29.09 


0.94910 


39.35 


32.72 


31.06 


0.94502 


41.85 


34J95 


33.04 


0.95287 


36.90 


30.57 


29.13 


0.94901 


39.40 


32.77 


31.10 


0.94494 


41.90 


35.00 


33.07 


0.95279 


36.95 


30.61 


29.17 


0.94893 


39.45 


32.81 


31.14 


0.94486 


41.95 


35.04 


33.11 


0.95272 


37.00 


30.66 


29.21 


0.94885 


39.50 


32.86 


31.18 


0.94477 


42.00 


35.09 


33.15 


0.95264 


37.05 


30.70 


29.25 


0.94877 


39.55 


32.90 


31.22 


0.94469 


42.05 


35.13 


33.19 


0.95257 


37.10 


30.71$ 


29.29 


0.94869 


39.60 


32.95 


31.26 


0.94460 


42.10 


35.18 


33.2;i 


0.95249 


37.15 


30.78 


29.33 


0.94861 


39.65 


32.99 


31.30 


0.94452 


42.15 


35.22 


33.27 


0.95242 


37.20 


30.83 


29.36 


0.94853 


39.70 


33.0^ 


31.34 


0.94443 


42.20 


35.27 


33.31 


0.95234 


37.25 


30.87 


29.40 


0.94845 


39.75 


33.08 


31.38 


0.94435 


42.25 


35.31 


33.35 


0.95227 


37.30 


30.92 


29.44 


0.94837 


39.80 


33.13 


31.42 


0.94427 


42.30 


35.36 


33.39 


0.95219 


37.35 


30.96 


29.48 


0.94829 


39.85 


33.17 


31.46 


0.94419 


42.35 


35.40 


33.43 


0.95211 


37.40 


31.01 


29.52 


0.94821 


39.90 


33.22 


31.50 


0.94410 


42.40 


35.45 


33.47 


0.95203 


37.45 


31.05 


29.56 


0.94813 


39.95 


33.26 


31.54 


0.94402 


42.45 


35.49 


33.51 


0.95196 


37.50 


31.09 


29.60 


0.94805 


40.00 


33.30 


31.57 


0.94393 


42.50 


35.54 


33.55 


0.95188 


37.55 


31.13 


29.64 


0.94797 


40.05 


33.3^ 


31.61 


0.94385 


42.55 


35.58 


33.59 


0.95181 


37.60 


31.18 


29.68 


0.94789 


40.10 


33.39 


31.65 


0.94376 


42.60 


35.63 


33.63 


0.95173 


37.65 


31.22 


29.72 


0.94781 


40.15 


33.^ 


31.69 


0.94368 


42.65 


35.67 


33.67 


0.95166 


37.70 


31.27 


29.76 


0.94773 


40.20 


33.^ 


31.73 


0.94359 


42.70 


35.72 


33.71 


0.95158 


37.75 


31.31 


29.80 


0.94765 


40.25 


33.52 


31.77 


0.94351 


42.75 


35.76 


33.75 


0.95151 


37.80 


31.36 


29.84 


0.94757 


40.30 


33.57 


31.81 


0.94342 


42.80 


35.81 


33.78 


0.95143 


37.85 


31.W 


29.88 


0.94749 


40.35 


33.61 


31.85 


0.94334 


42.85 


35.85 


33.82 


0.95135 


37.90 


31.^5 


29.92 


0.94741 


40.40 


33.66 


31.89 


0.94325 


42.90 


35.90 


33.86 


0.95127 


37.95 


31.^ 


29.96 


0.94733 


40.45 


33.70 


31.93 


0.94317 


42.95 


35S4 


33.90 


0.95120 


38.00 


31.53 


29.99 


0.94725 


40.50 


33.75 


31.97 


0.94308 


43.00 


35.99 


33.94 


0.95112 


38.05 


31.57 


30.03 


0.94717 


40.55 


33.79 


32.01 


0.94300 


43.05 


36.03 


33.98 


0.951O1 


38.10 


31.62 


30.07 


0.94708 


40.60 


33.8^ 


32.05 


0.94291 


43.10 


36.08 


34.02 


0.95096 


38.15 


31.66 


30.11 


0.94700 


40.65 


33.88 


32.09 


0.94283 


43.15 


36.12 


34.06 


0.95089 


38.20 


31.71 


30.15 


0.94692 


40.70 


33.93 


32.13 


0.94274 


43.20 


36.17 


34.10 


0.95081 


38.25 


31.75 


30.19 


0.94684 


40.75 


33.97 


32.17 


0.94265 


43.25 


36.21 


34.14 


0.95074 


38.30 


31.80 


30.23 


0.94676 


40.80 


3^.02 


32.20 


0.94256 


43.30 


36.26 


34.18 


0.95066 


3&35 


31.8U 


30.27 


0.94668 


40.85 


34.06 


32.24 


0.94248 


43.35 


36.30 


34.22 


0.95058 


38.40 


31.89 


30.31 


0.94659 


40.90 


34.11 


32.28 


0.94239 


43.40 


36.35 


34.26 


0.95050 


38.45 


31.93 


30.35 


0.94651 


40.95 


34.15 


32.32 


0.94231 


43.45 


36.39 


34.30 


0.95043 


38.50 


31.97 


30.39 


0.94643 


41.00 


34.19 


32.36 


0.94222 


43.50 


36.44 


34.34 


0.95035 


38.55 


32.01 


30.43 


0.94635 


41.05 


34.23 


32.40 


0.94214 


43.55 


36.48 


34.38 


0.95027 


38.60 


32.06 


30.47 


0.94627 


41.10 


34.28 


32.44 


0.94205 


43.60 


36.53 


34.42 


0.95019 


38.65 


32.10 


30.51 


0.94619 


41.15 


34.32 


32.48 


0.94197 


43.65 


36.57 


34.46 


0.95011 


38.70 


32.15 


30.55 


0.94610 


41.20 


34.37 


32.52 


0.94188 


43.70 


36.62 


34.49 


0.95003 


38.75 


32.19 


30.59 


0.94602 


41.25 


34.41 


32.56 


0.94179 


43.75 


36.66 


34.53 


0.94996 


38.80 


32.2'i 


30.63 


0.94594 


41.30 


34.46 


32.60 


0.94170 


43.80 


36.71 


34.57 


0.94988 


38.85 


32.28 


30.67 


0.94586 


41.35 


34.50 


32.64 


0.94161 


43.85 


36.75 


34.61 


0.94980 


38.90 


32.33 


30.71 


0.94577 


41.40 


34.55 


32.68 


0.94152 


43.90 


36.80 


34.65 


0.94972 


38.95 


32.37 


30.75 


0.94569 


41.45 


34.59 


32.72 


0.94144 


43.95 


36.84 


34.69 


0.94964 


39.00 


32.ft2 


30.79 


0.94560 


41.50 


34.64 


32.76 


0.94135 


44.00 


36.89 


34.73 


0.94956 


39.05 


32.^ 


30.83 


0.94552 


41.55 


34.68 


32.80 


0.94126 


44.05 


36.94 


34.77 


0.94949 


39.10 


32.51 


30.87 


0.94544 


41.60 


34.73 


32.84 


0.94117 


44.10 


36.99 


34.81 


0.94941 


39.15 


32.55 


30.91 


0.94536 


41.65 


34.77 


32.88 


0.94108 


44.15 


37.03 


34.85 


0.94934 


39.20 


32.59 


30.95 


0.94527 


41.70 


34.82 


32.92 


0.94099 


44.20 


37.08 


34,89 
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Alcohol Table. — Continued. 



SRBCIFIC 
GRAVITT 

20" C. 



ALOOBOL 



Per cent 

by volume 

at20»C. 



Per 

cent by 
weight 



Grams 
per 

100 oo. 



0.94091 
0.94082 
0.94073 
0.94064 
0.94055 

0.94O46 
0.94037 
0.94O28 
0.94020 
0.9401 1 

0.94OO2 
0.93993 
0.93984 
0.93975 
0.93966 

0.93957 
0.93948 
0.93939 
0.93931 
0.93922 

0.93912 
0.939aS 
0.93894 
0.93885 
0.93876 

0.93867 
0.93858 
0.93849 
0.93840 
0.93831 

0.93822 
0.93813 
O.a3803 
0.93794 
0.93785 

0.93776 
0.93767 
0.93758 
0.93749 
0.93740 

0.93730 
0.93721 
0.93712 
0.93703 
0.93693 

0.93684 
0.93675 
0.93666 
0.93656 
0.93647 



44.25 
44.30 
44.35 
44.40 
44.45 

44.50 
44.55 
44.60 
44.65 
44.70 

44.75 
44.80 
44.85 
44.90 
44.95 

45.00 
45.05 
45.10 
45.15 
45.20 

45.25 
45.30 
45.35 
45.40 
45.45 

45.50 
45.55 

45.60 
45.65 
45.70 

45.75 
45.80 
45.85 
45.90 
45.95 

46.00 
46.05 
46.10 
46.15 
46.20 

46.25 
46.30 
46.35 
46.40 
46.45 

46.50 
46.55 
46.60 
46.65 
46.70 



37. i 2 34.93 

37.17 34.97 

37.21 .%.01 

37.26 .35.05 

37.30 35.09 

37.35 35.13 

37.39 35.17 

37.///* 35.20 

37./iS 35.24 

37.53 35.28 



37.57 
37.62 
37.66 
37.71 
37.75 

37.80 
37.85 
37.90 
37.94 
37.99 

38.03 
38.08 
38.12 
38.17 
38.21 

38.26 
38.30 
38.35 
38.39 
38.nit 

38.i^ 
38.5a 

38.63 
38.67 

38.72 
38.76 
38.81 
38.85 
38.90 

38.95 
39.00 
39.04 
39.09 
39.13 

39.18 
39.22 
39.27 
39.31 
39.36 



35.32 
35.36 
35.40 
35:44 
35.48 

35.52 
35.56 
35.60 
35.64 
35.68 

35.72 
35.76 
35.80 
35.84 
35.88 

35.92 
35.96 
35.99 
36.03 
36.07 

36.11 
36.15 
36.19 
36.23 
36.27 

36.31 
36.35 
36.39 
36.43 
36.47 

36.51 
36.55 
36.59 
36.63 
36.67 

36.70 
36.74 
36.78 
36.82 
36.86 



8PBCIPIC 
ORAVITY 

20«C. 



ALOOBOL 



Percent 

by volume 

at20»C. 




0.93638 
0.93629 
0.93619 
0.93610 
0.93600 

0.93591 
0.93582 
0.93573 
0.93563 
0.93554 

0.93545 
0.93536 
0.93526 
0.93517 
0.93507 

0.93498 
0.93488 
0.93479 
0.93470 
0.93461 

0.93451 
0.93442 
0.93432 
0.93423 
0.93413 

0.93404 
0.93394 
0.93385 
0.93375 
0.93366 

0.93356 
0.93347 
0.93337 
0.93328 
0.93318 

0.93308 
0.93298 
0.93289 
0.93279 
0.93270 

0.93260 
0.93251 
0.93241 
0.93232 
0.93222 

0.93213 
0.93203 
0.93194 
0.93184 
0.93174 



46.75 
46.80 
46.85 
46.90 
46.95 

47.00 
47.05 
47.10 
47.15 
47.20 

47.25 
47.30 
47.35 
47.40 
47.45 

47.50 
47.55 
47.60 
47.65 
47.70 

47.75 
47.80 
47.85 
47.90 
47.95 

48.00 
48.05 
48.10 
48.15 
48.20 

48.25 
48.30 
48.35 
48.40 
48.45 

48.50 
48.55 
48.60 
48.65 
48.70 

48.75 
48.80 
48.85 
48.90 
48.95 

49.00 
49.05 
49.10 
49.15 
49.20 



39.41 36.90 

39.46 36.94 

39.50 36.98 

39.55 37.02 

39.59 37.06 

39.64 37.10 

39.68 37.14 

39.73 37.18 

39.77 37.22 

39.82 37.26 



39.87 
39.92 
39.96 
40.01 
40.05 

40.10 
40.14 
40.19 
m.24 
40.29 

40.33 
40.38 
40.42 
40.47 
40.51 

40.56 
40.61 
40.66 
40.70 
40.75 

40.79 
40.84 
40.89 
40.94 
40.98 

41.03 
41.07 
41.12 
41.16 
41.21 

41.26 
41.31 
41.35 
41.40 
41.44 

41.49 
41.54 
41.59 
41.63 
41.68 



37.30 
37.34 
37.38 
37.42 
37.46 

37.49 
37.53 
37.57 
37.61 
37.65 

37.69 
37.73 
37.77 
37.81 
37.85 

37.89 
37.93 
37.97 
38.01 
38.05 

38.09 
38.13 
38.17 
38.21 
38.25 

38.29 
38.33 
38.36 
38.40 
38.44 

38.48 
38.52 
38.56 
38.60 
38.64 

38.68 
38.72 
38.76 
38.80 
38.83 



sPBCinc 

GRAVITY 
20*»C. 

1^ 



ALCOBOL 



Per cent 

by volume 

at20'C. 



Per 

cent by 
weight 



0.93164 
0.93155 
0.93145 
0.93136 
0.93126 

0.93116 
0.93106 
0.93096 
0.93086 
0.93076 

0.93066 
0.93056 
0.93046 
0.93036 
0.93026 

0.93017 
0.93007 
0.92997 
0.92987 
0.92977 

0.92967 
0.92957 
0.92947 
0.92938 
0.92928 

0.92918 
0.92908 
0.92898 
0.92888 
0.92879 

0.92869 
0.92859 
0.92849 
0.92839 
0.92829 

0.92818 
0.92808 
0.92798 
0.92788 
0.92778 

0.92768 
0.92759 
0.92749 
0.92739 
0.92729 

0.92719 
0.92709 
0.92699 
0.92689 
0.92678 



49.25 
49.30 
49.35 
49.40 
49.45 

49.50 
49.55 
49.60 
49.65 
49.70 

49.75 
49.80 
49.85 
49.90 
49.95 

50.00 
50.05 
50.10 
50.15 
50.20 

50.25 
50.30 
50.35 
50.40 
50.45 

50.50 
50.55 
50.60 
50.65 
50.70 

50.75 
50.80 
50.85 
50.90 
50.95 

51.00 
51.05 
51.10 
51.15 
51.20 

51.25 
51.30 
5135 
51.40 
51.45 

51.50 
51.55 
51.60 
51.65 
51.70 



41.72 
41.77 
41.82 
41.87 
41.91 

41.96 
42.01 
42.06 
42.10 
42.15 

42.19 
42.24 
42.29 
42.34 
42.38 

42.43 
42.47 
42.52 
42.57 
42.62 

42.66 
42.71 
42.76 
42.81 
42.85 

42.90 
42.94 
42.99 
43.04 
43.09 

43.13 
43.18 
43.23 
43.28 
43.32 

43.37 
43.42 
43.47 
43.51 
43.56 

43.60 
43.65 
43.70 
43.75 
43.79 

43.84 
43.89 
43.94 
43.98 
44.03 



Grams 
per 

100 cc. 



38.87 
38.91 
38.95 
38.99 
39.03 

39.07 
39.11 
39.15 
39.19 
39.23 

39.27 
39.31 
39.35 
39..39 
39.43 

39.47 
39.51 
39.55 
39.59 
39.63 

39.67 
39.70 
39.74 
39.78 
39.82 

39.86 
39.90 
39.94 
39.98 
40.02 

40.06 
40.10 
40.14 
40.18 
40.22 

40.26 
40.30 
40.34 
40.38 
40.42 

40.46 
40.49 
40.53 
40.57 
40.61 

40.65 
40.69 
40.73 
40.77 
40.81 
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Alcohol Table. — Continued. 



SPECIFIC 


ALCOHOL 


sPBcinc 


ALCOHOL 


sPBcinc 


AliCOHOL 




OIIAVITY 

20° C. 


Per oeDt 
by volume 

at20*C. 

51.75 


Per 

cent by 
weight 

M.OS 


Grams 

VWMT 


GRAVITY 

20* C. 


Percent 


K»r 


Gramfl 


GRAVITY 

20" C. 


Percent 

by volume 

at 2Xf C. 


Per 


Grams 


4° 


100 cc. 

40.85 


4° 


oy votuine v«tiiv wj 
at20°C. weight 


lOOcc. 


4" 


cent by 
weight 

(^.89 


100 cc. 


0.92668 


0.92157 


54.25 


^M 


42.82 


0.91629 


56.75 


44.80 


0.92658 


51.80 


mA3 


40.89 


0.92147 


54.30 


^.51 


42.86 


0.91618 


56.80 


($8.9(4 


44.83 


0.92648 


51.85 


UhA7 


40.93 


0.92137 


54.35 


^.56 


42.90 


0.91608 


56.85 


(48.98 


44.87 


0.92637 


51.90 


^^.22 


40.97 


0.92126 


54.40 


fte.61 


42.94 


0.91597 


56.90 


(^.03 


44.91 


0.92627 


51.95 


/4^.26 


41.01 


0.92116 


54.45 


dSM 


42.98 


0.91586 


56.95 


(^.08 


44.95 


0.92617 


52.00 


/t^,31 


41.05 


0.92105 


54.50 


t4SJi 


43.02 


0.91575 


57.00 


($9.13 


44.99 


0.92607 


52.05 


¥tM 


41.09 


0.92095 


54.55 


U6.75 


43.06 


0.91565 


57.05 


($9.18 


45.03 


0.92597 


52.10 


fi^Mi 


41.13 


0.92084 


54.60 


USM 


43.10 


0.91554 


57.10 


($B.23 


45.07 


0.92587 


52.15 


i$hM 


41.17 


0.92074 


54.65 


li6.85 


43.14 


0.91543 


57.15 


(49.28 


4.5.11 


0.92577 


52.20 


iiUM 


41.20 


0.92063 


54.70 


^.90 


43.18 


0.91532 


57.20 


($9.33 


45.15 


0.92567 


52.25 


ittt.55 


41.24 


0.92053 


54.75 


^M 


43.22 


0.91521 


57.25 


(49.38 


45.19 


0.92557 


52.30 


ttU.m 


41.28 


0.92042 


54.80 


^.99 


43.26 


0.91510 


57.30 


($9.($3 


45.23 


0.92547 


52.35 


^.65 


41.32 


0.92032 


54.85 


^7M 


43.30 


0.91500 


57.35 


($9.(47 


45.27 


0.92537 


52.40 


¥U0 


41.36 


0.92021 


54.90 


(47m 


43.34 


0.91489 


57.40 


(49.52 


45.31 


0.92527 


52.45 


4^.74 


41.40 


0.92011 


54.95 


(47. iU 


43.38 


0.91478 


57.45 


($9.57 


45.35 


0.92516 


52.50 


U.79 


41.44 


0.92000 


55.00 


($7.19 


43.42 


0.91467 


57.50 


(49.62 


45..39 


0.92506 


52.55 


f4ttM 


41.48 


0.91990 


55.05 


(47.2(4 


43.46 


0.914.57 


57.55 


($9.67 


45.43 


0.92496 


52.60 


ltU.89 


41 .52 


0.91979 


55.10 


(47.29 


43.49 


0.91446 


59.60 


(^.72 


45.47 


0.92486 


52.65 


^U,93 


41.56 


0.91969 


55.15 


(47J33 


43.53 


0.91435 


57.65 


($9.77 


45.51 


0.92476 


52.70 


^U.98 


41.60 


0.91958 


55.20 


(47.38 


43.57 


0.91424 


57.70 


($9.82 


45.55 


0.92466 


52.75 


l$5.03 


41.64 


0.91948 


55.25 


(47.(i3 


43.61 


0.91414 


57.75 


($9.87 


45.59 


0.92455 


52.80 


/t5M 


41.68 


0.91937 


55.30 


(47.(48 


43.65 


0.91403 


57.80 


($9.92 


45.6.3 


0.92445 


52.85 


^5.12 


41.72 


0.91927 


55.35 


(47.53 


43.69 


0.91392 


57.85 


($9.96 


45.67 


0.92434 


52.90 


^5.17 


41.76 


0.91916 


55.40 


($7.58 


43.73 


0.91381 


57.90 


50.01 


45.70 


0.92424 


52.95 


^5.22 


41.80 


0.91906 


55.45 


($7.62 


43.77 


0.91370 


57.95 


50.06 


45.74 


0.92414 


53.00 


^5.27 


41.83 


0.91895 


55.50 


($7.67 


43.81 


0.91359 


58.00 


50.11 


45.78 


0.92404 


53.05 


/s5.31 


41.87 


0.91885 


55.55 


($7.72 


43.85 


0.91348 


58.05 


50.16 


45.82 


0.92394 


53.10 


^5.36 


41.91 


0.91874 


55.60 


($7.77 


43.89 


0.91337 


58.10 


50.21 


45.86 


0.92384 


53.15 


li5Al 


41.95 


0.91864 


55.65 


($7.82 


43.93 


0.91326 


58.15 


50.26 


45.90 


0.92373 


53.20 


^5M 


41.99 


0.91853 


55.70 


($7.87 


43.97 


0.91316 


58.20 


50.31 


45.94 


0.92363 


53.25 


/t5.5i 


42.03 


0.91842 


55.75 


($7.9i 


44.01 


0.91304 


58.25 


50.36 


45.9S 


0.92353 


53.30 


U5M 


42.07 


0.918.31 


55.80 


($7.96 


44.04 


0.91293 


58.30 


50.($1 


46.02 


0.92343 


53.35 


U5.eO 


42.11 


0.91821 


55.85 


($8.01 


44.08 


0.91282 


58.35 


50.(46 


46.06 


0.92332 


53.40 


'45.65 


41.15 


0.91810 


55.90 


($8.06 


44.12 


0.91271 


58.40 


50.51 


46.10 


0.92322 


53.45 


^5.70 


42.19 


0.91800 


55.95 


($8.11 


44.16 


0.91261 


58.45 


50.55 


46.14 


0.92312 


53.50 


^5.75 


42.23 


0.91789 


56.00 


(48. 16 


44.20 


0.91250 


58.50 


50.60 


46.17 


0.92302 


53.55 


^$5.79 


42.27 


0.91779 


56.05 


($8.20 


44.24 


0.91239 


58.55 


50.65 


46.21 


0.92291 


53.60 


^5M 


42.31 


0.91768 


56.10 


($8.25 


44.28 


0.91228 


58.60 


50.70 


46.2.5 


0.92281 


53.65 


^5,89 


42.35 


0.917.58 


56.15 


($8.30 


44.32 


0.91217 


58.65 


50.75 


46.29 


0.92271 


53.70 


lt5M 


42.39 


0.91747 


56.20 


($8.35 


44.36 


0.91206 


58.70 


50.80 


46..33 


0.92261 


53.75 


/i5.98 


42.43 


0.91736 


56.25 


($8.($0 


44.40 


0.91194 


58.75 


50.85 


46.37 


0.922.'>0 


53.80 


^6.03 


42.47 


0.91725 


56.30 


($8.($5 


44.44 


0.91183 


58.80 


50.90 


46.41 


0.92240 


53.85 


^.08 


42.51 


0.91715 


56.35 


(48.50 


44.48 


0.91171 


58.85 


50.95 


46.45 


0.92230 


53.90 


^46,13 


42.55 


0.91704 


56.40 


($8.55 


44.52 


0.91160 


58.90 


51.00 


46.49 


0.92220 


53.95 


^.i8 


42.59 


0.91694 


56.45 


($8.59 


44.56 


0.91149 


58.95 


51.05 


46..5.3 


0.92209 


54.00 


^.23 


42.62 


0.91683 


56.50 


($8.6($ 


44.60 


0.91138 


59.00 


51.10 


46.57 


0.92199 


54.05 


^6.27 


42.66 


0.91672 


56.55 


($8.69 


44.64 


0.91127 


59.05 


51.15 


46.61 


0.92188 


54.10 


^6.32 


42.70 


0.91661 


56.60 


($8.7($ 


44.68 


0.91116 


59.10 


51.20 


46.65 


0.92178 


54.15 


^.36 


42.74 


0.91650 


56.65 


($8.79 


44.72 


0.91104 


59.15 


51.25 


46.69 


0.92167 


54.20 


^M 


42.78 


0.916:39 


56.70 


(^.8(4 


44.76 


0.91093 


59.20 


51.30 


46.73 
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Alcohol Table. — Continued. 



spBciric 


AUX>IIOL 




aPBCiPic 


ALCOHOL 




sPBcinc 


ALCOHOL 




GRAVITT 

20PC. i 


Poroeot 


Ptr 


Grams 


ORAVITir 

20* C. 


Pttoent 

Vk^^ %ftfJaana^ 


Ptar 


Grams 


ORAVfTir 

20" C. 


Per oeot 


Per 

M 1 


Grams 


4- . 


at 20° C. weight 

59.25 51.35 


100 oc. 

46.77 


4- 

0.90520 


OjT YOIIIDIO waui* if jr 

at 20** C. weisfat 

61.75 53.85 


lOOoc. 

48.74 


4'» 


oy voiiuiM UBUL oj 
at 20° C. weight 


per 

100 cc. 


0.91082 


0.80942 


64.25 


56.39 


60.72 


0.91071 


59.30 


51.W 


46.81 


0.90509 


61.80 


53.90 


48.78 


0.89930 


64.30 


56./$/$ 


60.76 


0.91060 


59J5 


51.^5 


46.85 


0.90497 


61.95 


53.95 


48.82 


0.89918 


64 J5 


56./$9 


60.80 


0.91O49 


59.40 


51.50 


46.89 


0.90486 


61.90 


5/$.00 


48.86 


0,89907 


64.40 


56.5/4 


60.83 


0.91038 


59.45 


51.55 


46.93 


0.90474 


61.95 


5/$.05 


48.90 


0.89895 


64.45 


56.59 


50.87 


0.91027 


59.50 


51.60 


46.97 


0.90463 


62.00 


5/$.10 


48.94 


0.89884 


64.50 


56.6/$ 


50.91 


0.91016 


59.55 


51.65 


47.01 


0.90451 


62.05 


5/$. 15 


48.98 


0.89872 


64.55 


56.70 


60.95 


0.91005 


59.60 


51.70 


47.05 


0.90440 


62.10 


5/$.20 


49.02 


0.89861 


64.60 


56.75 


60.99 


0.90993 


59.65 


51.7/$ 


47.09 


0.90428 


62.15 


5/$.25 


49.06 


0.89849 


64.65 


56.80 


61.03 


0.90982 


59.70 


51.79 


47.12 


0.90417 


62.20 


5/4.30 


49.10 


0.89837 


64.70 


56.85 


51.07 


0.90971 


59.75 


51.8^ 


47.16 


0.90406 


62.25 


5/4.35 


49.14 


0.89826 


64.75 


56.90 


51.11 


0.90960 


59.80 


51.89 


47.20 


0.90395 


62.30 


5/$:/$0 


49.18 


0.89814 


64.80 


56.95 


51.15 


0.90949 


59.85 


51.9U 


47.24 


0.90383 


62.35 


5/$./$5 


49.22 


0.89802 


64.85 


57.00 


51.19 


0.90988 


59.90 


51.99 


47.28 


0.90372 


62.40 


5/$.50 


49.25 


0.89791 


64.90 


57.05 


51.23 


0.90926 


59.95 


52.0U 


47.32 


0.90360 


62.45 


5/$.55 


49.29 


0.89779 


64.95 


57.11 


51.27 


a.90915 


60.00 


52.09 


47.36 


0.90349 


62.50 


5U.60 


49.33 


0.89767 


65.00 


57.16 


51.31 


0.9O9O4 


60.05 


52. U 


47.40 


0.90337 


62.55 


5/4.66 


49.37 


0.89755 


65.05 


57.21 


51.35 


0.90893 


60.10 


52.19 


47.44 


0.90326 


62.60 


5/4.71 


49.41 


0.89744 


65.10 


57.26 


51.39 


0.9O882 


60.15 


52.21$ 


47.48 


0.90314 


62.65 


5/4.76 


49.45 


0.89732 


65.15 


57.31 


61.43 


0.90871 


60.20 


52.29 


47.52 


0.90302 


62.70 


5/$.81 


49.49 


0.89720 


65.20 


57J6 


61.47 


0.9O859 


60.25 


52.3// 


47.56 


0.90290 


62.75 


5/$.86 


49.53 


0.89708 


65.25 


57./$1 


51.51 


0.90848 


60.30 


52.39 


47.60 


0.90279 


62.80 


5/$.91 


49.57 


0.89696 


65.30 


57./$6 


51.55 


0.90837 


60.35 


52./t^s 


47.64 


0.90267 


62.85 


5/$.96 


49.61 


0.89684 


65.35 


57.52 


51.59 


().9aS26 


60.40 


52./f9 


47.68 


0.90256 


62.90 


55.01 


49.65 


0.89672 


65.40 


57.57 


61.63 


0.90814 


60.45 


52.5/4 


47.72 


0.90244 


62.95 


55.06 


49.69 


0.89660 


65.45 


57.62 


61.67 


0.9O803 


60.50 


52.59 


47.76 


0.90233 


63.00 


55.11 


49.73 


0.89649 


65.50 


57.67 


61.71 


0.9i)792 


60.55 


52.6/t 


47.80 


0.90221 


63.05 


55.16 


49.77 


0.89637 


65.55 


57.72 


51.75 


0.90781 


60.60 


52.69 


47.^ 


0.90210 


63.10 


55.21 


49.81 


0.89626 


65.60 


57.77 


51.78 


0.9O769 


60.65 


52.7U 


47.88 


0.90198 


63.15 


55.26 


49.85 


0.89614 


65.65 


57.83 


51.82 


0.90758 


60.70 


52.79 


47.91 


0.90187 


63.20 


55.31 


49.89 


0.89602 


65.70 


57.88 


61.86 


0.00747 


60.75 


52.8U 


47.95 


0.90175 


63.25 


55.37 


49.93 


0.89590 


65.75 


57.93 


61.90 


0.90736 


60.80 


52.89 


47.99 


0.90163 


63.30 


55./42 


49.97 


0.89578 


65.80 


57.98 


51.94 


0.90724 


60.85 


52M 


48.03 


0.90151 


63.35 


55./$7 


50.01 


0.89566 


65.85 


58.0/4 


51.98 


0.90713 


60.90 


52.99 


48.07 


0.90140 


63.40 


55.52 


50.04 


0.89554 


65.90 


58.09 


52.02 


0.90701 


60.95 


53.0/4 


48.11 


0.90128 


63.45 


55.57 


50.08 


0.89542 


65.95 


58.1/4 


52.06 


0.90690 


61.00 


53.09 


48.15 


0.90117 


63.50 


55.62 


50.12 


0.89531 


66.00 


58.19 


62.10 


0.90678 


61.05 


53.1/4 


48.19 


0.90105 


63.55 


55.67 


50.16 


0.89519 


66.05 


58.2/4 


52.14 


0.90667 


61.10 


53.19 


48.23 


0.90094 


63.60 


55.72 


60.20 


0.89507 


66.10 


58.29 


52.18 


0.90656 


61.15 


53.2/t 


48.27 


0.90082 


63.65 


55.77 


50.24 


0.89495 


66.15 


58.35 


52.22 


0.90645 


61.20 


53.29 


48.31 


0.90070 


63.70 


55.82 


50.28 


0.89483 


66.20 


58./40 


52.26 


0.9063;j 


61.25 


53.3/4 


48.35 


0.90059 


63.75 


55.88 


50.32 


0.89471 


66.25 


58./$5 


62.30 


0.90622 


61.30 


53.39 


48.39 


0.90048 


63.80 


55.93 


50.36 


0.89459 


66.30 


OO.Ov 


52.33 


0.90610 


61.35 


53./$/$ 


48.43 


0.90036 


63.85 


55.98 


50.40 


0.89447 


^.35 


58.55 


52.37 


0.90599 


61.40 


53./$9 


48.47 


0.90025 


63.90 


56.03 


50.44 


0.89435 


66.40 


58.60 


52.41 


0.90588 


61.45 


53.55 


48.61 


0.90013 


63.95 


56.08 


50.48 


0.89423 


66.45 


58.66 


52.45 


0.9a577 


61.50 


53.60 


48.55 


0.90001 


64.00 


56.13 


50.52 


0.89411 


66.50 


58J1 


52.49 


0.90565 


61.55 


53.65 


48.59 


0.89989 


64.05 


56.18 


50.56 


0.89399 


66.55 


58.76 


62.53 


0.90554 


61.60 


53.70 


48.62 


0.89978 


64.10 


56.23 


50.60 


0.89387 


66.60 


58.81 


52.57 


0.90543 


61.65 


53.75 


48.66 


0.89966 


64.15 


56.29 


50.64 


0.89375 


66.65 


58.87 


52.61 


0.90532 


61.70 


53.80 


48.70 


0.89954 


64.20 


56.3/4 


50.68 


0.89363 


66.70 


58.92 


62.65 
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Aix^OHOL Table. — Continued. 



SPECIFIC 

ORAVITY 

20«C. 



ALCOHOL 



Por ocnt 

by volume 

at20»C. 



P^ 

cent by 
weight 



Grains 

per 
100 cc. 



0.89351 

0.89339 
0.89327 
0.89315 
0.89303 

0.89291 
0.89279 
0.89267 
0.89255 
0.89243 

0.89231 
0.89219 
0.89207 
0.89195 
0.89183 

0.89171 
0.89159 
0.89147 
0.89135 
0.89122 

0.89110 
0.89098 
0.89086 
0.89074 
0.89062 

0.89050 
0.89038 
0.89026 
0.89014 
0.89001 

0.88989 
0.88977 
0.88965 
0.88952 
0.88940 

0.88928 
0.88916 
0.88904 
0.88892 
0.88879 

0.88867 
0.88854 
0.88842 
0.88830 
0.88818 

0.88805 
0.88793 
0.88781 
0.88769 
0.88756 



66.75 
66.80 
66.85 
66.90 
66.95 

67.00 
67.05 
67.10 
67.15 
67.20 

67.25 
67.30 
67.35 
67.40 
67.45 

67.50 
67.55 
67.60 
67.65 
67.70 

67.75 
67.80 
67.85 
67.90 
67.95 

68.00 
68.05 
68.10 
68.15 
68.20 

68.25 
68.30 
68.35 
68.40 
68.45 

68.50 
68.55 
68.60 
68.65 
68.70 

68.75 
68.80 
68.85 
68.90 
68.95 

69.00 
69.05 
69.10 
69.15 
69.20 



58,97 52.69 

59.02 52.73 

59.07 52.77 

59.12 52.81 

59.18 52.85 



59.23 
59.28 
59.33 
59.39 
59.f4lt 

59.^ 
59.5U 
59.60 
59.65 
59.70 

59.75 
59.81 
59.86 
59.91 
59.96 

60.02 
60.07 
60.12 
60.17 
60.23 

60.28 
60.33 
60.38 
60.^ 
60.^ 

60.5/t 
60.59 
60.65 
60.70 
60.75 

60.80 
60.86 
60.91 
60.96 
61.01 

61.07 
61.12 
61.17 
61.22 
61.28 

61.33 
61.39 
61.^^ 
61.li9 
61.5^ 



52.89 
52.93 
52.97 
53.01 
53.04 

53.08 
53.12 
53.16 
53.20 
53.24 

53.28 
53.32 
53.36 
53.40 
53.44 

53.48 
53.52 
53.56 
53.60 
53.64 

53.68 
53.72 
53.75 
53.79 
53.83 

53.87 
53.91 
53.95 
53.99 
54.03 

54.07 
54.11 
54.15 
54.19 
54.23 

54.27 
54.31 
54.35 
54.39 
54.43 

54.47 
54.51 
54.54 
54.58 
54.62 



8PBCIFIC 

GRAVITY 

20»C. 



0.88744 
0.88732 
0.88720 
0.88707 
0.88695 

0.88682 
0.88670 
0.88658 
0.88646 
0.88633 

0.88621 
0.88608 
0.88596 
0.88583 
0.88571 

0.88558 
0.88546 
0.99533 
0.88521 
0.88508 

0.88496 
0.88484 
0.88472 
0.88459 
0.88447 

0.88434 
0.88422 
0.88409 
0.88397 
0.88384 

0.88372 
0.88359 
0.88347 
0.88334 
0.88322 

0.88309 
0.88297 
0.88284 
0.88272 
0.88259 

0.88246 
0.88233 
0.88221 
0.88208 
0.88196 

0.88183 
0.88171 
0.88158 
0.88145 
0.88132 



ALCOHOL 



Per cent 

by volume 

at20*C. 



Per 

cent by 

weight 



Grams 
iWoc. 



69.25 
69.30 
69.35 
69.40 
69.45 

69.50 
69.55 
69.60 
69.65 
69.70 

69.75 
69.80 
69.85 
69.90 
69.95 

70.00 
70.05 
70.10 
70.15 
70.20 

70.25 
70.30 
70.35 
70.40 
70.45 

70.50 
70.55 
70.60 
70.65 
70.70 

70.75 
70.80 
70.85 
70.90 
70.95 

71.00 
71.05 
71.10 
71.15 
71.20 

71.25 
71.30 
71.35 
71.40 
71.45 

71.50 
71.55 
71.60 
71.65 
71.70 



61.60 54.66 

61.65 54.70 

61.70 54.74 

61.75 64.78 

61.81 54.82 

61.86 54.86 

61.92 54.90 

61.97 54.94 

62.02 54.98 

62.07 55.02 



62.13 
62.18 
62.2tt 
62.29 
62.34 

62.39 
62.ii5 
62.50 
62.56 
62.61 

62.66 
62.71 
62.77 
62.82 
62.87 

62.92 
62.98 
63.03 
63.09 
63. U 

63.20 
63.25 
63.31 
63.36 
63.41 

63.46 
63.52 
63.57 
63.63 
63.68 

63.74 
63.79 
63.84 
63.89 
63.95 

64.00 
64.06 
64.11 
64.17 
64.22 



55.06 
55.10 
i55.14 
55.18 
55.22 

55.25 
55.29 
55.33 
55.37 
55.41 

55.45 
55.49 
55.53 
55.57 
55.61 

55.65 
55.69 
55.73 
55.77 
55.81 

55.85 
55.89 
55.93 
55.97 
56.01 

56.04 
56.08 
56.12 
56.16 
56.20 

56.24 
56.28 
56.32 
56.36 
56.40 

56.44 
56.48 
56.52 
56.56 
56.60 



SPBCIPIC 

GRAvmr 
20" C. 



ALCOHOL 



Per cent 

by volume 

al20»C. 



0.88120 

0.88107 
0.88094 
0.88081 
0.88069 

0.88056 
0.88044 
0.88031 
0.88018 
0.88005 

0.87993 
0.87980 
0.87967 
0.87954 
0.87942 

0.87929 
0.87916 
0.87903 
0.87891 
0.87878 

0.87865 
0.87852 
0.87839 
0.87826 
0.87813 

0.87800 
0.87788 
0.87775 
0.87762 
0.87749 

0.87737 
0.87724 
0.87711 
0.87698 
0.87685 

0.87672 
0.87659 
0.87646 
0.87633 
0.87620 

0.87607 
0.87594 
0.87581 
0.87568 
0.87555 

0.87542 
0.87529 
0.87516 
0.87504 
0.87491 



71.75 
71.80 
71.85 
71.90 
71.95 

72.00 
72.05 
72.10 
72.15 
72.20 

72.25 
72.30 
72.35 
72.40 
72.45 

72.50 
72.55 
72.60 
72.65 
72.70 

72.75 
72.80 
72.85 
72.90 
72.95 

73.00 
73.05 
73.10 
73.15 
73.20 

73.25 
73.30 
73.35 
73.40 
73.45 

73.50 
73.55 
73.60 
73.65 
73.70 

73.75 
73.80 
73.85 
73.90 
73.95 

74.00 
74.05 
74.10 
74.15 
74.20 



Per 

cent by 

weight 

64.27 
64.32 
64.38 
64.43 
64.49 

6434 
64.60 
64.65 
64.71 
64.76 

64.82 
64.87 
64.93 
64.98 
65.03 

65.08 
65.14 
65. 19 
65.25 
65.30 

65J6 
65.41 
65.47 
65.52 
65.58 

65.63 
65.69 
65.74 
65.80 
65.85 

65.91 
65.96 
66.02 
66.07 
66.13 

66.18 
66.23 
66.28 
66.34 
66.39 

66.45 
66.50 
66.56 
66.61 
66.67 

66.72 
66.78 
66.83 
66.89 
66.94 



Grams 

p<!r 
100 nr. 



56.&4 

56.68 
56.72 
56.75 
56.79 

56.83 
56.87 
56.91 
56.95 
56.99 

57.03 
57.07 
57.11 
57,15 
57.19 

57.23 
57.27 
57.31 
57.35 
57.38 

57.42 
57.46 
57,50 
57.54 
57. 5S 

57.62 
57.66 
57.70 
57.74 
57.78 

57.82 
57.86 
57,90 
57.W 
57.9S 

58.02 
58.06 
.58.10 
58,14 
58.17 

58.21 
58.25 
58.29 
58.33 
58.37 

58.41 
58.45 
58.49 
58.53 
58.57 
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Alcohol Table. — Continued. 










'SPECIFIC 


ALCOHOL 




sPBCinc 

OBAVITY 


ALCOHOL 


BPBCmC 
GRAVITY 


ALCOHOL 




CIUVITY 




1 
















20»C. 


Per cent ) Per 
by volnmeioent by 


Grama 

— 


20«C. 


Peroent 


Per 


Grams 


ao»c. 


1 Per dent 
by volume 


Per 
cent by 


Grama 




per 




oy yoninie vouv ■# j 


P*' 




P« 


4«' 


al20»C. 

74.25 


1 wdght 

67.00 


100 oc. 

58.61 


4° 


at20«C. 


weight 


' 100 OC. 


4<» 


at 20* C. 


weight 


100 CO. 


0,87478 


0.86818 


76.75 


69.78 


60.58 


0.86137 


79.25 


72.^ 


62.56 


0.87465 


74.30 


67.05 


58.65 


0.86805 


76.80 


69.8U 


60.62 


0.86124 


79.30 


72.68 


62.60 


0.87452 


74.35 


67.11 


58.69 


0.86791 


76.85 


69.90 


60.66 


0.86110 


79.35 


72.7U 


62.64 


0.87439 


74.40 


67.16 


58.73 


0.86778 


76.90 


69.95 


60.70 


0.86096 


79.40 


72.80 


62.67 


0.87426 


74.^ 


67.22 


68.77 


0.86764 


76.95 


70.01 


60.74 


0.86082 


79.45 


72.86 


62.71 


0.87413 


74.50 


67.27 


58.81 


0.86751 


77.00 


70.06 


60.78 


0.86069 


79.50 


72.91 


62.75 


0.874OO 


74.55 


67.33 


58.85 


0.86737 


77.05 


70.12 


60.82 


0:86055 


79.55 


72.97 


62.79 


0.87387 


74,60 


67.38 


58.89 


0.86724 


77.10 


70.18 


60.86 


0.86041 


79.60 


73.03 


62.83 


0.87373 


74.65 


67.^^ 


58.93 


0.86710 


77.15 


70.2^ 


60.90 


0.86027 


79.65 


73.09 


62.87 


0.8736O 


74.70 


67.'i9 


58.97 


0.86697 


77.20 


70.29 


60.94 


0.86013 


79.70 


73.U 


62.91 


0.87347 


74.75 


67.55 


59.01 


0.86684 


77.25 


70.35 


60.98 


0.85999 


79.75 


73.20 


62.95 


0.87334 


74.80 


67.61 


59.04 


0.86671 


77.30 


70.^ 


61.02 


0.85984 


79.80 


73.26 


62.99 


0.87321 


74.85 


67.67 


59.08 


0.86657 


77.35 


70.^ 


61.06 


0.85970 


79.85 


73.32 


63.03 


0.873O8 


74.90 


67.72 


59.12 


0.86644 


77.40 


70.51 


61.10 


0.85956 


79.90 


73.37 


63.07 


0.87295 


74.95 


67.78 


59.16 


0.86630 


77.45 


70.57 


61.14 


0.85942 


79.95 


73./t3 


63.11 


0.87282 


75.00 


67.83 


59.20 


0.86617 


77.50 


70.63 


61.18 


0.85928 


80.00 


73.^9 


63.15 


0.87269 


75.05 


67.89 


59.24 


0.86603 


77.55 


70.69 


61.22 


0.85914 


80.05 


73.55 


63.19 


0.87256 


75.10 


67M 


59.28 


0.86589 


77.60 


70.7h 


61.25 


0.85901 


80.10 


73.60 


63.23 


0.87243 


75.15 


68.00 


59.32 


0.86575 


77.65 


70.80 


61.29 


0.85887 


80.15 


73.66 


63.27 


0.8723O 


75.20 


68.05 


59.36 


0.86562 


77.70 


70.85 


61.33 


0.85873 


80.20 


73.72 


63.80 


0.87217 


75.25 


68.11 


59.40 


0.86548 


77.75 


70.91 


61.37 


0.85859 


80.25 


73.78 


63.34 


0.872O4 


75.30 


68.16 


59.44 


0.86535 


77.80 


70.97 


61.41 


0.85846 


80.30 


73.83 


63.38 


0.8719O 


75.35 


68.22 


59.48 


0.86521 


77.85 


71.03 


61.45 


0.85832 


80.35 


73.89 


63.42 


0.87177 


75.40 


68.27 


59.52 


0.86508 


77.90 


71.08 


61.49 


0.85818 


80.40 


73.95 


63.46 


0.87164 


75.45 


68.33 


59.56 


0.86494 


77.95 


71.U 


61.53 


0.85804 


80.45 


7^.01 


63.50 


0.87151 


75.50 


68.38 


59.60 


0.86480 


78.00 


71.19 


61.57 


0.85789 


80.50 


7lt.06 


63.54 


0.87138 


75.55 


68.^/4 


59.64 


0.86466 


78.05 


71.25 


61.61 


0.85775 


80.55 


7U2 


63.58 


0.87125 


75.60 


68A9 


59.67 


0.86453 


7&10 


71.31 


61.65 


0.&5761 


80.60 


7U.18 


63.62 


0.87111 


75.65 


68.55 


59.71 


0.86439 


78.15 


71.37 


61.69 


0.85747 


80.65 


7^.2^ 


63.66 


0.87098 


75.70 


68.60 


59.75 


0.86426 


78.20 


71.^2 


61.73 


0.85733 


80.70 


7^.30 


63.70 


0.87O84 


75.75 


68.66 


59.79 


0.86412 


■ 

78.25 


71./i8 


61.77 


0.85719 


80.75 


7^M 


63.74 


0.87071 


75.80 


68.72 


59.83 


0.86399 


78.30 


71.5^ 


61.81 


0.85705 


80.80 


7U.^2 


63.78 


0.87O58 


75.85 


68.78 


59.87 


0.86385 


78.35 


71.60 


61.85 


0.85691 


80.85 


7U.US 


63.82 


0.87O45 


75.90 


68.83 


59.91 


0.86371 


78.40 


71.65 


61.88 


0.85677 


80.90 


7^.53 


63.86 


0.87032 


75.95 


68.89 


59.95 


0.86357 


78.45 


71.71 


61.92 


0.85663 


80.95 


7/4.59 


^.90 


0.87O19 


76.00 


68M 


59.99 


0.86344 


78.50 


71.76 


61.96 


0.85648 


81.00 


7/1.65 


63.94 


0.87OO5 


76.05 


69.00 


60.03 


0.86330 


78.55 


71.82 


62.00 


0.85634 


81.05 


714.71 


63.98 


0.86992 


76.10 


69.05 


60.07 


0.86316 


78.60 


71.88 


62.04 


0.85620 


81.10 


7i4.77 


64.02 


0.86979 


76.15 


69.11 


60.11 


0.86302 


78.65 


71.9^ 


62.08 


0.85606 


81.15 


714.83 


64.06 


0.86966 


76.20 


69.16 


60.15 


0.86289 


78.70 


71.99 


62.12 


0.85592 


81.20 


7t4.88 


64.09 


0.86952 


76.25 


69.22 


60.19 


0.86275 


78.75 


72.05 


62.16 


0.85678 


81.25 


7^.9t4 


64.13 


0.86939 


76.30 


69.27 


60.23 


0.86261 


78.80 


72.11 


62.20 


0.85564 


81.30 


75.00 


64.17 


0.86925 


76.35 


69.33 


60.27 


0.86247 


78.85 


72.17 


62.24 


0.85550 


81.35 


75.06 


64.21 


0.86912 


76.40 


69.39 


60.31 


0.86234 


78.90 


72.22 


62.28 


0.85536 


81.40 


75.12 


64.25 


0.86898 


76.45 


69.^5 


60.35 


0.86220 


78.95 


72.28 


62.32 


0.85522 


81.45 


75.18 


64.29 


0.86885 


76.50 


69.50 


60.39 


0.86206 


79.00 


72.31$ 


62.36 


0.85507 


81.50 


75.2U 


64.33 


0.86872 


76.55 


69.56 


60.43 


0.86192 


79.05 


72.m 


62.40 


0.85493 


81.55 


75.30 


64.37 


0.86859 


76.60 


69.61 


60.47 


0.86179 


79.10 


72.n5 


62.44 


0.85478 


81.60 


75.35 


64.41 


0.86845 


76.65 


69.67 


60.51 


0.86166 


79.15 


72.51 


62.48 


0.85464 


81.65 


75./t1 


64.45 


0.86832 


76.70 


69.72 


60.54 


0.86151 


79.20 


72.57 


62.52 


0.85450 


81.70 


75./47 


64.49 
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spRcinc 


ALCOHOL 


8PBCIPIC 


ALCOHOL 


BPBCIPIC 


i. J 


^ijconoL 




UllA VIXT 


Percent i Per 


GramA 


OBAVITY 

20" C. 


Percent 
by Yolume 

at20»C. 


P^ 

cent by 
weight 


GraniB 


GRAVITY 


Per cent 


Per 

1 . _ . t_ 


Grams 


4? 


al20°C. 


weight 


per 

100 oc. 


4« 


per 

100 CO. 


4« 


by volame cent oy 
aXWC weight 


per 

100 cr. 


0.85436 


81.75 


75,53 


64.53 


0.84713 


84.25 


78.50 


66.50 


0.83957 


86.75 


81.56 


68.48 


0.85422 


81.80 


75,59 


64.57 


0.84698 


84.30 


78.56 


66.54 


0.83942 


86.80 


81.62 


68.52 


0.85408 


81.85 


75.65 


64.61 


0.84683 


84.35 


78.62 


66.58 


0.83927 


86.85 


81.68 


68.56 


0.85393 


81.90 


75.71 


64.65 


0.84668 


84.40 


78.68 


66.62 


0.83912 


86.90 


81.75 


68.60 


0.85379 


81.95 


75.77 


64.69 


0.84654 


84.45 


78.7U 


66.66 


0.83896 


86.95 


81.81 


68.64 


0.85364 


82.00 


75.82 


64.73 


0.84639 


84.50 


78.80 


66.70 


0.83881 


87.00 


81.87 


68.68 


0.85350 


82.05 


75.88 


64.77 


0.84624 


84.55 


78.86 


66.74 


0.83865 


87.05 


81.93 


68.72 


0.85336 


82.10 


75.9^ 


64.81 


0.84609 


84.60 


78.93 


66.78 


0.83850 


87.10 


81.99 


68.76 


0.85322 


82.15 


76.00 


64.85 


0.84594 


84.65 


78.99 


66.82 


0.83834 


87.15 


82.05 


68.80 


0.85307 


82.20 


76.06 


64.88 


0.84579 


84.70 


79.05 


66.86 


0.83818 


87.20 


81.12 


68.84 


0.85293 


82.25 


76.12 


64.92 


0.84564 


84.75 


79.11 


66.90 


0.83802 


87.25 


82.18 


68.8S 


0.85279 


82.30 


76.18 


64.96 


0.84549 


84.80 


79.17 


66.94 


0.83787 


87.30 


82.2^4 


68.91 


0.85265 


82.35 


76.2f4 


65.00 


0.84534 


84.85 


79.23 


66.98 


0.83771 


87.35 


82.30 


68.95 


0.85250 


82.40 


76.30 


65.04 


0.84519 


84.90 


79.29 


67.02 


0.83756 


87.40 


82.37 


68.99 


0.85236 


82.45 


76.36 


65.08 


0.84504 


84.95 


79.35 


67.06 


0.83740 


87.45 


82.^43 


69.03 


0.85222 


82.50 


76.^1 


65.12 


0.84489 


85.00 


79.1^1 


67.09 


0.83725 


87.50 


82.^9 


69.07 


0.85207 


82.55 


76.t$7 


65.16 


0.84474 


85.05 


79.f$7 


67.13 


0.83709 


87.55 


82.55 


69.11 


0.85192 


82.60 


76.53 


65.20 


0.84459 


85.10 


79.53 


67.17 


0.83694 


87.60 


82.62 


69.15 


0.85178 


82.65 


76.59 


65.24 


0.84444 


85.15 


79.59 


67.21 


0.83678 


87.65 


82.68 


69.19 


0.85164 


82.70 


76.65 


65.28 


0.84429 


85.20 


79.65 


67.25 


0.83663 


87.70 


82.714 


69.23 


0.85150 


82.75 


76.71 


65.32 


0.84414 


85.25 


79.71 


67.29 


0.83647 


87.75 


82.80 


69.27 


0.85135 


82.80 


76.77 


65.36 


0.84399 


85.30 


79.78 


67.33 


0.83632 


87.80 


82.87 


69.30 


0.85121 


82.85 


76.83 


65.40 


0.84384 


85.35 


79.8^ 


67.37 


0.83616 


87.85 


82.93 


69.34 


0.85106 


82.90 


76.89 


65.44 


0.84369 


85.40 


79.90 


67.41 


0.83601 


87.90 


82.99 


69.3S 


0.85092 


82.95 


76.95 


65.48 


0.84354 


85.45 


79.96 


67.45 


0.83585 


87.95 


83.05 


69.42 


0.85077 


83.00 


77.01 


65.51 


0.84339 


85.50 


80.02 


67.49 


0.83569 


88.00 


83.12 


69.46 


0.85063 


83.05 


77.07 


65.55 


0.84323 


85.55 


80.08 


67.53 


0.83553 


88.05 


83.18 


69.50 


0.85049 


83.10 


77.13 


65.59 


0.84308 


85.60 


80.U 


67.57 


0.83537 


88.10 


83.25 


69.54 


0.85035 


83.15 


77.19 


65.63 


0.84293 


85.65 


80.20 


67.61 


0.83521 


88.15 


83.31 


69.5S 


0.85020 


83.20 


77.2^4 


65.67 


0.84278 


85.70 


80.27 


67.65 


0.83505 


88.20 


83.37 


69.62 


0.85006 


83.25 


77.30 


65.71 


0.84263 


85.75 


80.33 


67.69 


0.83489 


88.25 


83.^ 


m.m 


0.84991 


83.30 


77.36 


65.75 


0.84248 


85.80 


80.39 


67.73 


0.83473 


88.30 


83.50 


69.70 


0.84977 


83.35 


77.^2 


65.79 


0.84233 


85.85 


80.^ 


67.77 


0.83457 


88.35 


83.56 


69.74 


0.84962 


83.40 


77.^ 


65.a3 


0.84218 


85.90 


80.51 


67.80 


0.83442 


88.40 


83.63 


69.7H 


0.84948 


83.45 


77.5^ 


65.87 


0.84203 


85.95 


80.57 


67.84 


0.83426 


88.45 


83.69 


69.S2 


0.84933 


83.50 


77.60 


65.91 


0.84188 


86.00 


80.63 


67.88 


0.83410 


88.50 


83.75 


69.86 


0.84918 


83.55 


77.66 


65.95 


0.84172 


86.05 


80.69 


67.92 


0.83394 


88.55 


83.81 


69.90 


0.84903 


83.60 


77.72 


65.99 


0.84157 


86.10 


80.76 


67.96 


0.83379 


88.60 


83.88 


69.94 


0.84889 


83.65 


77.78 


66.03 


0.84141 


86.15 


80.82 


68.00 


0.83363 


88.65 


83.9^ 


69.9S 


0.84874 


83.70 


77.8ii 


66.07 


0.84126 


86.20 


80.88 


68.04 


0.83347 


88.70 


8'4.00 


70.01 


0.84859 


83.75 


77.90 


66.11 


0.84110 


86.25 


80.9t$ 


68.08 


0.83331 


88.75 


814.06 


70.05 


0.84844 


83.80 


77.96 


66.15 


0.84095 


86.30 


81.00 


68.12 


0.83315 


88.80 


8/4.13 


70.09 


0.84830 


83.85 


78.02 


66.19 


0.84080 


86.35 


81.06 


68.16 


0.83299 


88.85 


8U9 


70.13 


0.84815 


83.90 


78.08 


66.23 


0.840(>5 


86.40 


81.13 


68.20 


0.83283 


88.90 


8/1.26 


70.17 


0.84801 


83.95 


7 8. Ill 


66.27 


0.84049 


86.45 


81.19 


68.24 


0.83267 


88.95 


8/4.32 


70.21 


0.84786 


84.00 


78.20 


66.30 


0.84034 


86.50 


81.25 


68.28 


0.8.3251 


89.00 


8/4.39 


70.2.5 


0.84772 


84.05 


78.26 


66.34 


0.84018 


86.55 


81.31 


68.32 


0.83235 


89.05 


8/t./45 


70.2*> 


0.84757 


84.10 


78.32 


66.38 


0.84003 


86.60 


81.37 


68.36 


0.83219 


89.10 


8/4.51 


70.3:5 


0.84742 


84.15 


78.38 


66.42 


0.83987 


86.65 


81M 


68.40 


0.83203 


89.15 


8/4.57 


70.37 


0.84727 


84.20 


78.^f* 


66.46 


0.83972 


86.70 


81.50 


68.44 


0.83186 


89.20 


8/4.6/4 


70.41 
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sPBcmc 


ALGOHOI* 


BPBCIFIC 

GRAVITY 

20*»C. 


ALCOHOL 


apBciPic 

GRAVITY 
20»C. 


ALCOHOL 


20»C. 


Per cent 
by volmie 

at20»C. 


Per 

ooDt by 

weight 


Grams 

per 
100 OC. 


Percent Per 
by volume cent by 

at 20° C. weiirht 


Grams 
l(»oc. 


P«roeDt 

by volume 

at20»C. 


Pte 

cent by 

weight 


Grams 


4* 


4« 


4° 


lOOoj. 


0.83170 
0.83154 
0.83138 
0.83121 
0.83105 


89.25 
89.30 
89.35 
89.40 
89.45 


8^.70 
8^.77 
8^,83 
8/t,90 
8^,96 


70.45 

70.49 
70.53 
70.57 
70.61 


0.82332 
0.82315 
0.82298 
0.82281 
0.82263 


91.75 
91.80 
91.85 
91.90 
91.95 


87.96 
88.03 
88.09 
88.16 
88.22 


72.42 
72.46 

72.50 
72.54 
72.58 


0.81432 
0.81413 
0.81394 
0.81375 
0.81356 


94.25 
94.30 
94.35 
94.40 
94.^ 


91.36 
91./43 
91.50 
91.57 
91.6^4 


74.40 

74.44 
74.48 
74.52 
74.66 


0.83089 
0.83073 
0.83056 
0.83040 
0.83024 


89.50 
89.55 
89.(S0 
89.65 
89.70 


85.03 
85.09 
85.i5 
85.21 
85.28 


70.65 
70.09 
70.72 
70.76 
70.80 


0.82246 
0.82229 
0.82212 
0.82194 
0.82177 


92.00 
92.05 
92.10 
92.15 
92.20 


88.29 
88.36 
88./i3 
88./49 
88.56 


72.62 
72.66 
72.70 
72.74 

72.78 


0.81337 
0.81318 
0.81299 
0.81280 
0.81260 


94.50 
94.55 
94.60 
94.65 
94.70 


91.71 
91.78 
91.85 
91.92 
91.99 


74.59 
74.63 
74.67 
74.71 
74.75 


0.83008 
0.82991 
0.82975 
0.82958 
0.82942 


89.75 
89.80 
89.85 
89.90 
89.95 


85.3^ 
85.M 
85.^7 
85M 
85.60 


70.84 
70.88 
70.92 
70.96 
71.00 


0.82159 
0.82141 
0.82123 
0.82106 
0.82088 


92.25 
92.30 
92.35 
92.40 
92.45 


88.63 
88.70 
88.76 
88.83 
88.89 


72.82 

72.86 
72.90 
72.94 
72.98 


0.81241 
0.81222 
0.81202 
0.81183 
0.81163 


94.75 
94.80 
94.85 
94.90 
94.95 


92.06 
92.13 
92.20 
92.27 
92.3U 


74,79 
74.83 
74.87 
74.91 
74.95 


0.82925 
0.82909 
0.82892 
0.82876 
0.82859 


90.00 
90.05 
90.10 
90.15 
90.20 


85.67 
85.73 
85.80 
85.86 
85.93 


71.04 
71.08 
71.12 
71.16 
71.20 


0.82071 
0.82053 
0.82035 
0.82017 
0.82000 


92.50 
92.55 
92.60 
92.65 
92.70 


88.96 
89.03 
89.10 
89.16 
89.23 


73.02 
73.06 
73.09 
73.13 
73.17 


0.81144 
0.81124 
0.81105 
0.81086 
0.81067 


95.00 
95.05 
95.10 
95.15 
95.20 


92./41 
92./48 
92.55 
92.63 
92.70 


74.99 
75.03 
75.07 
75.11 
75.15 


0.82843 
0.82826 
0.82810 
0.82793 
0.82776 


90.25 
90.30 
90.35 
90.40 
90.45 


85.99 
86.06 
86.12 
86.19 
86.25 


71.24 
71.28 
71.32 
71.36 
71.40 


0.81982 
0.81964 
0.81946 
0.81929 
0.81911 


92.75 
92.80 
92.85 
92.90 
92.95 


89.30 
89.37 
89./43 
89.50 
89.57 


73.21 
73.25 
73.29 
73.33 
73.37 


0.81047 
0.81028 
0.81008 
0.80988 
0.80968 


95.25 
95.30 
95.35 
95.40 
95.45 


92.77 
92.8/^ 
92.91 
92.98 
93.05 


75.19 
75.23 
75.27 
75.30 
76.34 


0.82759 
0.82742 
0.82725 
0.82708 
0.82691 


90.50 
90.55 
90.60 
90.65 
90.70 


86.32 
86.38 
86.^ 
86.51 
86.58 


71.44 
71.48 
71.52 
71.56 
71.59 


0.81893 
0.81875 
0.81856 
0.81838 
0.81821 


93.00 
93.05 
93.10 
93.15 
93.20 


89.6/4 
89.71 
89.78 
89.8/4 
89.91 


73.41 
73.45 
73.49 
73.53 
73.57 


0.80949 
0.80929 
0.80909 
0.80889 
0.80869 


95.50 
95.55 
95.60 
95.65 
95.70 


93.12 
93.20 
93.27 
93.3/4 
93./4I 


75.38 
75.42 
75.46 
75.50 
75.54 


0.82674 
0.82657 
0.82640 
0.82624 
0.82607 


90.75 
90.80 
90.85 
90.90 
90.95 


86.6/4 
86.71 
86.77 
86.8/4 
86.90 


71.63 
71.67 
71.71 
71.75 
71.79 


0.81803 
0.81784 
0.81766 
0.81748 
0.81730 


93.25 
93.30 
93.35 
93.40 
93.45 


90.05 
90.12 
90.19 
90.25 


73.61 
73.65 
73.69 
73.72 
73.76 


0.80849 
0.80829 
0.80809 
0.80789 
0.80769 


95.75 
95.80 
95.85 
95.90 
95.95 


93./48 
93.55 
93.63 
93.70 
93.77 


75.58 
75.62 
75.66 
75.70 
75.74 


0.82590 
0.82573 
0.82556 
0.82539 
0.82522 


91.00 
91.05 
91.10 
91.15 
91.20 


86.97 
87.03 
87.10 
87.17 
87.2/4 


71.83 
71.87 
71.91 
71.95 
71.99 


0.81711 
0.81693 
0.81675 
0.81657 
0.81638 


93.50 
93.55 
93.60 
93.65 
93.70 


90.32 
90.39 
90./46 
90.53 
90.60 


73.80 
73.84 
73.88 
73.92 
73.96 


0.80749 
0.80729 
0.80709 
0.80689 
0.80668 


96.00 
96.05 
96.10 
96.15 
96.20 


93.8/4 
93.92 
93.99 
9/4.O6 
9/4.13 


75.78 
75.82 
75.86 
75.90 
75.94 


0.82505 
0.82488 
0.82470 
0.82453 
0.82436 


91.25 
91.30 
91.35 
91.40 
91.45 


87.30 
87.37 
87./43 
87.50 
87.56 


72.03 
72.07 
72.11 
72.15 
72.19 


0.81620 
0.81601 
0.81582 
0.81563 
0.81545 


93.75 
93.80 
93.85 
93.90 
93.95 


90.67 
90.7/4 
90.80 
90.87 
90.9/4 


74.00 
74.04 
74.08 
74.12 
74.16 


0.80648 
0.80627 
0.80607 
0.80586 
0.80566 


96.25 
96.30 
96.35 
96.40 
96.45 


9/4.21 
9/4.28 
9/4.35 

9/4./42 

9/4.50 


75.98 
76.01 
76.05 
76.09 
76.13 


0.82419 
0.82401 
0.82384 
0.82367 
0.82350 


91.50 
91.55 
91.60 
91.65 
91.70 


87.63 
87.69 
87.76 
87.83 
87.90 


72.23 
72.27 
72.30 
72.34 
72.38 


0.81526 
0.81507 
0.81488 
0.81469 
0.81450 


94.00 
94.05 
94.10 
94.15 
94.20 


91.01 
91.08 
91.15 
91.22 
91.29 


74.20 
74.24 
74.28 
74.32 
74.36 


0.80545 
0.80525 
0.80504 
0.80483 
0.80462 


96.50 
96.55 
96.60 
96.65 
96.70 


9/4.57 
9/4.65 
9/4.72 
9/4.79 
9/4.86 


76.17 
76.21 
76.25 
76.29 
76.33 
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Ai/x>HOL Table. — Conchided. 










SPECIFIC 


ALCOBOL 


SPRCIFIC 

GRAVITY 

20»C. 


ALCOHOL 


■ 


SFBCinC 

GBAVTTY 

20^. 


AliCOnOL 

1 




GRAVITY 
20»C. 


Per out Per 
by volume cent by 
at 20<H^. weight 

1 


Grams 


< Percent Per 
byvolmneoent by 

at 20^C. weight 

1 


Grams 

lOOoc. 


Percent Per 
jby vdame cent by 
1 at 2(y»C. 1 weight i 

1 1 


Grams 


4« 


- 4« 


4!* 


lOOcc. 


0.80442 
0.80421 
0.80400 
0.80379 
0.80358 


96.75 
96.80 
96.85 
96.90 
96.95 


9^M 
95,0i 
95.09 
95.16 
95.n 


76.37 
76.41 
76.45 
76.49 
76.53 


0'.79900 
0.79878 
0.79855 
0.79832 
0.79809 


98.00 
98.05 
9&10 
9&15 
98.20 


96.82 
96.90 
96.97 
97.05 
97.12 


77.36 
77.40 
77.43 
77.47 
77.51 


0,79311 
0.79286 
0.79262 
0.79237 
0.79213 


99.25 
99.30 
99.35 
99.40 
99.4S 


98.78 
98.86 
98.9^ 
99.02 
99.10 


78.34 

78.38 
78.42 
78.46 
78.50 


0.80337 
0.80315 
0.80294 
0.80273 
0.80252 


97.00 
97.05 
97.10 
97.15 
97.20 


95.31 
95.39 
95.^ 
95.53 
95.60 


76.57 
76.61 
76.65 
76.69 

76.72 


0,79786 
0.79763 
0.79740 
0.79717 
0.79695 


98.25 
98.30 
98.35 
98.40 
98.45 


97.20 
97.28 
97.36 
97.^3 
97.51 


77.55 
77.59 
77.63 
77.67 
77.71 


0.79188 
0.79163 
0.79138 
0.79113 
0.79088 


99.50 
99.55 
99.60 
99.65 
99.70 


99.18 
99.26 
99.3U 
99.U2 
99.51 


78.54 
78.58 
78.62 
78.66 
78.70 


0.80230 
0.80208 
0.80186 
0.80164 
0.80143 


97.25 
97.30 
97.35 
97.40 
97.45 


95.68 
95.75 
95.83 
95.91 
95.98 


76.76 
76.80 
76.84 
76.88 
76.92 


0.79672 
0.79648 
0.79625 
0.79601 
0.79577 


98.50 
98.55 
98.60 
98.65 
98.70 


97.59 
97.67 
97.75 
97.83 
97.90 


77.75 
77.79 
77.83 
77.87 
77.91 


0.79062 
0.79037 
0.79011 
0.78986 
0,78960 


99.75 
99.80 
99.85 
99.90 
99.95 


99.59 
99.67 
99.75 
99.83 
99.91 


78.74 
78.78 
78.82 
78..SH 
78.90 


0.80122 
0.80100 
0.80078 
0.80056 
0.80034 


97.50 
97.55 
97.60 
97.65 
97.70 


96.05 
96.13 
96.21 
96.29 
96.36 


76.96 
77.00 
77.04 
77.08 
77.12 


0.79553 
0.79529 
0.79505 
0.79481 
0.79457 


98.75 
98.80 
98.85 
98.90 
98.95 


97.98 
98.06 
98. U 
98.22 
98.30 


77.95 
77.99 
78.03 
78.07 
78.11 


0.78934 


100.00 . 


fOO.OO 


78.93 


0.80012 
0.79990 
0.79968 
0.79945 
0.79923 


97.75 
97.80 
97.85 
97.90 
97.95 


96.4^ 
96.52 
96.60 
96.68 
96.75 


77.16 
77.20 
77.24 
77.28 
77.32 


0.79432 
0.79408 
0.79384 
0.79360 
0.79335 


99.00 
99.05 
99.10 
99.15 
99.20 


98.38 
98./i6 
98.51$ 
98.62 
98.70 


78.14 
78.18 
78.22 
78.26 
78.30 
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Alcohol 
For caJculaling the percentages of alcohoL in mixtures of ethyl alcohol and 





n.s'C. 


18? C. 


19« 


C. 


20* C. 


21* C. 


SCALE 
RBADtNO 


Per C6Dt 

volunM 


PeroMit 

by 
weight 


Percent 
volume 


Pnr oeot 

by 
weight 


Per cent 
volune 


Percent 

by 
weight 


Percent 
voinme 


Percent 

by 
weight 


Percent 
volume 


13.2 

13.3 
13.4 

13.5 
13.6 





























13.7 
13.8 
13.9 

14.0 
14.1 
14.2 
14.3 
14.4 





















-«.- 


o.oi 

0.13 
0.21 


14.5 
14.6 
14.7 
14.8 
14.9 





9 


o.6i 


b'oi 


OM 
0.14 
0.23 


OM 
0.11 
0.18 


0.08 
0.16 
0.25 
0.34 
0.43 


0.06 
0.13 
0.20 
0.27 
OM 


0.29 
0.38 
0.46 
0.55 
0.64 


15.0 
15.1 
15.2 
15.3 
15.4 


0.00 
0.09 
0.17 
0.25 
0.34 


0.00 
0.07 
0A3 
0.20 
0,27 


0.10 
0.19 
0.27 
0.35 
0.44 


0.08 
0.15 
0.21 
0.28 
0J5 


0.31 
0.39 
0.48 
0.57 
0.65 


0.2ti 
0.31 
0.38 
0.i$5 
0.51 


0.52 
0.60 
0.69 
0.77 
0.85 


0.l$1 
0.^ 
0.55 
0.61 
0.68 


0.73 
0.82 
0.91 
0.99 
1.07 


15.5 
15.6 
15.7 
15.8 
15.9 


0.43 
0.51 
0.59 
0.68 
0.76 


0,3U 
OM 
0A7 
OM 
0.60 


0.53 
0.60 
0.69 
0.78 
0.85 


0.U2 
0.^ 
0.55 
0.62 
0.68 


0.73 
0.82 
0.91 
0.99 
1.08 


0.58 
0.65 
0.72 
0.79 
0.86 


0.94 
1.03 
1.12 
1.21 
1.28 


0.75 
0.82 
0.89 
0.96 
1.02 


1.16 
1.24 
1.32 
1.40 
1.47 


16.0 
16.1 
16.2 
16.3 
16.4 


0.84 
0.93 
1.02 
1.10 
1.18 


0.67 
0.7U 
0.8i 
0.87 
0.9^4 


0.94 
1.03 
1.12 
1.19 
1.29 


0.75 
0.82 
0.89 
0.95 
1.02 


1.17 
1.24 
1.32 
1.40 
1.47 


0.93 
0.99 
1.05 
1.11 
1.17 


1.36 
1.44 
1.51 
1.59 
1.66 


1M 
1.U 
1.20 
1.26 
1.32 


1.55 
1.62 
1.70 
1.77 
1.85 


16.5 
16.6 
16.7 
16.8 
16.9 


1.26 
1.34 
1.41 
1.49 
1.56 


1.00 
1.06 
1.12 
1.18 
1.2^ 


1.36 
1.43 
1.50 
1.57 
1.65 


1.08 
1.13 
1.19 
1.25 
1.31 


1.55 
1.62 
1.70 
1.77 
1.85 


1.23 
1.29 
1.35 
1.^1 
l.ia 


1.74 
1.81 
1.89 
1.96 
2.04 


1.38 
1.U 
1.50 
1.56 
1.62 


1.92 
2.00 
2.07 
2.15 
2.22 


17.0 
17.1 
17.2 
17.3 
17.4 


1.63 
1.70 
1.77 
1.85 
1.92 


1.30 
1.35 
1.^1 
1.U7 
1.53 


1.72 
1.80 
1.87 
1.94 
2.01 


1.37 
1.^ 
1.^9 
1.5^ 
1.60 


1.92 
1.99 
2.06 
2.14 
2.21 


1.53 
1.58 
1M 
1.70 
1.76 


2.11 
2.19 
2.26 
2.34 
2.41 


1.68 
1.7k 
1.80 
1.86 
1.92 


2.30 
2.37 
2.45 
2.52 
2.59 


17.5 
17.6 
17.7 
17.8 
17.9 


2.00 
2.07 
2.14 
2.21 
2.29 


1.59 
1.65 
1.70 
1.76 
1.82 


2.09 
2.16 
2.24 
2.31 
2.38 


1.66 
1.72 
1.78 
1.8^ 
1.89 


2.29 
2.36 
2.44 
2.51 
2.59 


1.82 
1.88 
1.9^ 
2.00 
2.06 


2.49 
2.56 
2.62 
2.70 
2.77 


1.98 
2.0k 
2.09 
2.15 
2.21 


2.66 
2.74 
2.81 
2.89 
2.96 



a Calculated and arranged by B. H. Si. J<Jm from data of Doroehevskii and Dvorxhanchik. 
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21»C. 


22«»C. 


28* C. 


24« 


C. 


25« 


C. 




Jf^er ooDt 


Pht osnt 


PeroeDt 


Pht cent 


Pep cent 


Percent 


Percent 


Percent 


Pflr cent 


SCALE 


by 


!>y 


by 


J»y 


by 


J»y 


by 


by 


by 


BEADING 


weight 


valame 


weight 


volome 


weight 


volome 


weight 


volume 


weight 


















0.00 


0.00 


13.2 





«• M * w 


•« M » A 


te^» «. 


»^» w 


^ •»* w 


— — M V 


0.09 


0j07 


13.3 














-*— 





«••»« 


0.18 


o.u 


13.4 












0.05 


0.04 


0.26 


0J21 


13..5 




•• __ « 


» * — ^ 


^ 4W ^ ^ 


'^ ^ -■ ^ 


0.14 


0.11 


0.35 


0.28 


13.6 









0.01 


0.01 


0.23 


0.18 


0.44 


OM 


13.7 










0.10 


0.08 


0.31 


0.25 


0.53 


0.^2 


13.8 











0.19 


0.15 


0.40 


0.32 


0.62 


0.49 


13.9 




0.08 


0.06 


0.28 


0.22 


0.49 


0J9 


0.70 


0.56 


14.0 




0.16 


0.13 


0.36 


0.29 


0.58 


0./t6 


0.79 


0.63 


14.1 


0.03 


0.24 


0.19 


0.45 


0J6 


0.67 


0.53 


0.88 


0.70 


14.2 


OJO 


0.33 


0.26 


0.54 


0./s3 


0.75 


0.60 


0.97 


0.77 


14.3 


0.17 


0.41 


0J3 


0.63 


0.50 


0.84 


0.67 


1.06 


OM 


14.4 


0.23 


0.50 


OM 


0.72 


0.57 


0.93 


0.7U 


1.15 


0.92 


14.5 


0.30 


0.59 


0.U7 


0.80 


0.6/s 


1.02 


0.81 


1.24 


0.99 


14.6 


0.37 


0.68 


OM 


0.89 


0.71 


1.11 


OM 


1.32 


1.05 


14.7 


0.44 


0.77 


0.61 


0.98 


0.78 


1.19 


0.95 


1.40 


1.11 


14.8 


OM 


0.85 


0.68 


1.07 


0.85 


1.28 


1.02 


1.47 


1.17 


14.9 


0^ 


0.94 


0.75 


1.16 


0S2 


136 


1.08 


1.55 


1.23 


15.0 


0.65 


1.03 


0.82 


1.24 


0.99 


1.44 


1.U 


1.63 


1.29 


15.1 


0.72 


1.12 


0.89 


1.32 


1.05 


1.51 


1.20 


1.71 


1.36 


15.2 


0.79 


1.21 


OM 


1.40 


1.11 


1.59 


1.26 


1.79 


1.U2 


15.3 


0.85 


1.29 


1M 


1.47 


1.17 


1.66 


1.32 


1.86 


1.U8 


15.4 


0S2 


1.36 


1.08 


1.55 


1.23 


1.74 


1.38 


1.94 


i.54 


15.5 


0S9 


1.44 


1.15 


1.62 


1.29 


1.82 


1.^4 


2.01 


1.60 


15.6 


i.05 


1.52 


1.21 


1.70 


1.35 


1.90 


1M 


2.09 


1.66 


15.7 


i.li 


1.60 


1.27 


1.77 


1.^1 


1.97 


1.57 


2.17 


1.72 


15.8 


i.i7 


1.67 


1.33 


1.85 


l.iCI 


2.05 


1.63 


2.25 


1.79 


15.9 


1.23 


1.75 


1.39 


1.92 


1^3 


2.12 


1.69 


2.33 


IM 


16.0 


1.29 


1.82 


1M 


2.00 


1.59 


2.20 


1.75 


2.40 


1.91 


16.1 


1.35 


1.90 


1.51 


2.08 


1.65 


2.27 


1.81 


2.48 


1.97 


16.2 


l.'il 


1.97 


1.57 


2.16 


1.72 


2.35 


1.87 


2.55 


2.03 


16.3 


i.ta 


2.05 


1.63 


2.24 


1.78 


2.43 


1J93 


2.62 


2.09 


16.4 


1.53 


2.12 


1.69 


2.31 


1.8U 


2.50 


1.99 


2.70 


2.15 


16.5 


1.59 


2.20 


1.75 


2.39 


1.90 


2JJ7 


2.05 


2.77 


2.21 


16.6 


1.65 


2.27 


1.81 


2.46 


1.96 


2.65 


2.11 


2.85 


2.27 


16.7 


1.71 


2.35 


1.87 


2.53 


2.02 


2.72 


2.17 


2.92 


2.33 


16.8 


1.77 


2.43 


1J93 


2.61 


2.08 


2.80 


2.23 


2.99 


2.38 


16.9 


1M 


2.50 


1.99 


2.69 


2.U 


2.87 


2.29 


3.06 


2.44 


17.0 


1.89 


2.57 


2.05 


2.76 


2.20 


2.95 


2J5 


3.14 


2.50 


17.1 


1.95 


2.65 


2.11 


2.82 


2.25 


3.02 


2.^41 


3.21 


2.56 


17.2 


2.01 


2.72 


2.17 


2.90 


2.31 


3.10 


2.U7 


3.29 


2.62 


17.3 


2.07 


2.79 


2.23 


2.97 


2.37 


3.17 


2.55 


3.36 


2.68 


17.4 


2.12 


2.86 


2.28 


3.04 


2.^ 


3.25 


2.59 


3.43 


2.7U 


17.6 


2.18 


2.94 


2.3/t 


3.12 


2.49 


3.32 


2.65 


3.51 


2.80 


17.6 


2.2U 


3.01 


2.W 


3.20 


2.55 


3.39 


2.70 


3.58 


2.86 


17.7 


2.30 


3.09 


2.fS 


3.27 


2.61 


3.46 


2.76 


3.66 


2.92 


17.8 


2.36 


3.16 


2.52 


3.35 


2.67 


3.53 


2.82 


3.73 


2.98 


17.9 
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B 
















A.UCOHOL 




17.S 


»C. 


18«C. 


19* c. 


ao*c. 1 


21»C. 


8CALB 


Per cent 


Per cent 


Per cent 


Per cent 


Per cent 


Percent 


Percent' 


Per cent 


Por cent 


hbadino 


by 


by 


!>y 


by 


by 


by 


by 1 


by 


by 




volume 


wei«bt 


volume 


weifrht 


volume 


weight 


volume 

1 


weight 


volume 


18.0 


2.36 


1.88 


2.45 


1.95 


2.66 


2.12 


2.85 


2.27 


3.04 


18.1 


2.43 


1M 


2.52 


2.01 


2.74 


2.18 


2.92 


2.33 


3.11 


18.2 


2.50 


2.00 


2.60 


2.07 


2.81 


2.2/4 


3.00 


2.39 


3.19 


18.3 


2.57 


2.05 


2.67 


2.13 


2.89 


2.30 


3.07 


2./45 


3.26 


18.4 


2.6$ 


2.11 


2.75 


2.19 


2.96 


2.36 


3.15 


2.51 


3.34 


18.5 


i.72 


2.17 


2.82 


2.25 


3.03 


2./4I 


3.22 


2.57 


3.41 


18.6 


2.80 


2.23 


2.90 


2.31 


3.10 


2./47 


3.30 


2.63 


3.48 


18.7 


2.87 


2.29 


2.97 


2.37 


3.17 


2.53 


3.37 


2.69 


3.55 


18.8 


2.95 


2.35 


3.05 


2.^3 


3.25 


2.59 


3.45 


2.75 


3.63 


18.9 


3.02 


2.^41 


3.12 


2.49 


3.32 


2.65 


3.52 


2.81 


3.70 


19.0 


3.10 


2.it7 


3.19 


2.5/4 


3.40 


2.71 


3.59 


2.86 


3.77 


19.1 


3.17 


2.53 


3.26 


2.60 


3.47 


2.77 


3.66 


2.92 


3.85 


19.2 


3.25 


2.59 


3.34 


2.66 


3.55 


2.83 


3.73 


2.98 


3.92 


19.3 


3.32 


2.65 


3.41 


2.72 


3.62 


2.89 


3.81 


3.0/4 


4.00 


19.4 


339 


2.70 


3.48 


2.78 


3.70 


2.95 


3.88 


3.10 


4.07 


19.5 


3.46 


2.76 


3.56 


2.8/t 


3.77 


3.01 


3.96 


3.16 


4.14 


19.6 


3.53 


2.82 


3.63 


2.90 


3.84 


3.06 


4.03 


3.22 


4.22 


19.7 


3.61 


2.88 


3.71 


2.96 


3.91 


3.12 


4.10 


3.27 


4.29 


19.8 


3.68 


2.9U 


3.78 


3.02 


3.98 


3.18 


4.17 


3.33 


4.37 


19.9 


3.76 


3.00 


3.86 


3.08 


4.06 


3.2/4 


4.25 


3.39 


4.44 


20.0 


3.83 


3.06 


3.93 


3.13 


4.13 


3.30 


4.32 


3./45 


4.52 


20.1 


3.90 


3.12 


4.00 


349 


4.20 


3.35 


4.39 


3.51 


4.59 


20.2 


3.97 


3.17 


4.07 


3.25 


4.27 


3./4I 


4.47 


3.57 


4.66 


20.3 


4.04 


3.23 


4.14 


3.31 


4.34 


3./47 


4.54 


3.63 


4.74 


20.4 


4.12 


3.29 


4.22 


3.37 


4.42 


3.53 


4.61 


3.68 


4.82 


20.6 


4.19 


3.35 


4.29 


3.^3 


4.49 


3.59 


4.68 


3.7/4 


4.89 


20.6 


4.26 


3.'s1 


4.36 


3.^49 


4.56 


3.65 


4.75 


3.80 


4.96 


20.7 


4.33 


3.'t6 


4.43 


3.5i4 


4.63 


3.70 


4.83 


3.86 


5.03 


20.8 


4.41 


3.52 


4.51 


3.60 


4.70 


3.76 


4.90 


3.92 


5.10 


20.9 


4.48 


O»0o 


4.58 


3.66 


4.78 


3.82 


4.97 


3.98 


5.17 


21.0 


4.56 


3.6^ 


4.65 


3.72 


4.85 


3.88 


5.04 


/4.O3 


5.24 


21.1 


4.63 


3.70 


4.73 


3.78 


4.92 


J..94 


5.11 


/4.09 


5.31 


21.2 


4.70 


3.76 


4.80 


3.8^4 


4.99 


3.99 


5.19 


/4.I5 


5.39 


21.3 


4.77 


3.81 


4.87 


3.89 


5.06 


/4.O5 


5.26 


/4.2I 


5.46 


21.4 


4.84 


3.87 


4.94 


3.95 


5.14 


/4.II 


5.33 


/4.26 


5.53 


21.5 


4.92 


3.93 


5.01 


^.m 


5.21 


U7 


5.40 


/4.32 


5.60 


21.6 


4.99 


3.99 


5.09 


f4.07 


5.28 


/4.22 


5.47 


/4.38 


5.67 


21.7 


5.06 


/4.05 


5.16 


^4.13 


5.35 


i4.28 


5.54 


/4./4/4 


5.75 


21.8 


5.13 


UO 


5.23 


U8 


5.43 


/4.3/4 


5.61 


/4./^ 


5.82 


21.9 


5.20 


/i.16 


5.30 


l4.2f4 


5.50 


/4./4O 


5.69 


/4.55 


5.89 


22.0 


5.27 


/4.22 


5.37 


(4.30 


5.57 


/4./45 


5.76 


/4.6I 


5.96 


22.1 


5.34 


ti.27 


5.44 


I4.35 


5.64 


/4.51 


5.83 


(4.67 


6.03 


22.2 


5.41 


l$.33 


5.51 


f4.f4l 


5.71 


/4.57 


5.90 


/4.72 


6.11 


22.3 


5.49 


f4.39 


5.58 


i4.r47 


5.78 


/4.63 


5.97 


/4.78 


6.18 


22.4 


5.56 


li.ftb 


5.65 


tt.53 


5.85 


/4.68 


6.05 


(4.8/4 


6.25 


22.5 


5.63 


fi.51 


5.72 


/4.58 


5.92 


/4.7/4 


6.12 


(1.90 


6.32 


22.6 


5.70 


^4.56 


5.80 


(4.6/4 


6.00 


/4.8O 


6.19 


(4.95 


6.39 


22.7 


5.77 


f4.62 


5.87 


I4.7O 


6.07 


/4.86 


6.26 


5.01 


6.46 


22.8 


5.85 


/4.68 


5.94 


I4.75 


6.14 


/4.9I 


6.33 


5.07 


6.53 


22.9 


5.92 


un 


6.01 


I4M 


6.21 


/4.97 


6.40 


5.13 


6.60 
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21»C. 


22^ C. 


23* C. 


24« 


C. 


26" 


•c. 




Pw oont 


Peroent 


PerooDt 


Peroont 


Percent 


Peroent 


Percent 


Percent 


Peroent 


SCALE 


by 


by 


by 


!»y 


by 


!>y 


by 


by 


by 


lUKADING 


weight 


voluaie 


w«ight 


volume 


weight 


voMime 

1 


weight 


vokuae 


weight 




2M 


3^3 


2.58 


3.42 


2J3 


3^1 


2.88 


3.81 


3.04 


18.0 


2.^ 


3.30 


2.63 


3.50 


2.79 


3.68 


2M 


3.88 


3.10 


18.1 


2M 


3.37 


2.69 


3.57 


2M 


3.76 


3.00 


3.96 


3.16 


18.2 


2M 


3.45 


2.75 


3.64 


2J9i 


3.83 


3.06 


4.03 


3.22 


18.3 


2j6S 


3.52 


2M 


3.71 


2.96 


3.91 


3J2 


4.11 


3.28 


18.4 


2J2 


3.59 


2J87 


3.78 


3J02 


3.98 


3A8 


4.18 


3.34 


18.5 


2.78 


3.66 


2.92 


3.86 


3.08 


4.06 


3.24 


4.26 


3M 


18.6 


2.83 


3.73 


Z.lfo 


3.93 


3.14 


4.13 


3.30 


4,33 


3.m 


18.7 


2.89 


3.81 


3.04 


4.01 


3.20 


4.21 


336 


4.41 


3.52 


18.8 


2.95 


3.88 


3.10 


4.08 


3.26 


4.28 


3.42 


4.48 


3.58 


18.9 


3.01 


3.96 


3.16 


4.16 


3.32 


4.36 


3.48 


4.56 


3M 


19.0 


3.07 


4.03 


3.22 


4.23 


3J8 


4.43 


3.54 


4.63 


3.70 


19.1 


3.13 


4.11 


3.28 


4.31 


3.44 


4.51 


3.60 


4.70 


3.76 


19.2 


3.19 


4.18 


3.34 


4.38 


3.50 


4.58 


3.66 


4.78 


3.82 


19.3 


3^5 


4.26 


3,40 


4.46 


3M 


4.65 


3.72 


4.85 


3.88 


19.4 


3J1 


4.33 


3M 


4.53 


3.62 


4.73 


3.78 


4.93 


3.94 


19.5 


3.37 


4.41 


3j52 


4.61 


3.68 


4.80 


3.84 


5.00 


4.00 


19.6 


3.^ 


4.48 


3J58 


4.68 


3.74 


4.88 


3.90 


5.08 


4.06 


19.7 


3.U9 


4.56 


3.64 


4.75 


3.80 


4.95 


3.9o 


5.15 


4.12 


19.8 


3.55 


4.63 


3.70 


4.83 


3M 


5.03 


4.02 


5.22 


4.17 


19.9 


3£1 


4.72 


3.77 


4.90 


3.92 


5.10 


4j06 


5.29 


4.23 


20.0 


3.67 


4.79 


3.83 


4.98 


3.98 


5.17 


4.13 


5.36 


4.29 


20.1 


3.73 


4.87 


3.89 


5.05 


4.04 


5.24 


4.19 


5.44 


4.35 


20.2 


3J9 


4.94 


3M 


5.13 


4.10 


5.31 


4.25 


5.51 


4.41 


20.3 


3.85 


5.01 


4.01 


5.20 


4.16 


5.38 


4.31 


5.58 


4.47 


20.4 


3J91 


5.08 


4.06 


5.27 


4.21 


5.45 


4J7 


5.65. 


4.52 


20.5 


3.97 


5.15 


4.12 


5.34 


4.27 


5.52 


4.42 


5.72 


4.58 


20.6 


4.02 


5.22 


4.18 


5.41 


4.33 


5.60 


4.48 


5.80 


4.64 


20.7 


4.08 


5.29 


4.24 


5.48 


4.39 


5.67 


4.54 


5.87 


4.70 


20.8 


4.14 


536 


4.29 


5.55 


4.45 


5.75 


4.60 


5.95 


4.76 


20.9 


4.29 


5.44 


4.35 


5.62 


4.50 


5.82 


4.66 


6.02 


4.81 


21.0 


4.25 


5.51 


4.41 


5.70 


4.56 


5.89 


4.72 


6.09 


4.87 


21.1 


4.31 


5.58 


4.47 


5.77 


4.62 


5.96 


4.77 


6.16 


4.93 


21.2 


4.37 


5.65 


4.52 


5.84 


4.68 


6.03 


4.83 


6.23 


4.99 


21.3 


4M 


5.72 


4.58 


5.91 


4.73 


6.11 


4.89 


6.30 


5.05 


21.4 


4.ta 


5.80 


4.64 


5.98 


4.79 


6.18 


4.95 


6.37 


5.10 


21.6 


4.54 


5.87 


4.70 


6.06 


4.85 


6.25 


5.01 


6.44 


5.16 


21.6 


4.60 


5.94 


4.75 


6.13 


4.91 


6.32 


§.06 


6.52 


5.22 


21.7 


4.66 


6.01 


4.81 


6.20 


4.97 


6.39 


5.12 


6.59 


5.28 


21.8 


4.71 


6.08 


4.87 


6.27 


5.02 


6.47 


5.18 


6.66 


5.34 


21.9 


4.77 


6.15 


4.93 


6.34 


5.08 


6.54 


5.24 


6.73 


5.3$ 


22.0 


4.83 


6.22 


4.98 


6.42 


5.14 


6.61 


5.29 


6.80 


5^45 


22.1 


4.89 


6.29 


5.04 


6.49 


5.20 


6.68 


5.35 


6.87 


5.51 


22.2 


4.95 


6.36 


5.10 


6.56 


5.25 


6.75 


5.41 


6.94 


5.57 


22.3 


5.00 


6.43 


5.15 


6.63 


5.31 


6.82 


5.U7 


7.01 


5.62 


22.4 


5.06 


6.50 


5.21 


6.70 


5.37 


6.89 


3.52 


7.08 


5.68 


22.5 


5.11 


6.57 


5.27 


6.77 


5.^i3 


6.96 


5.58 


7.16 


5.74 


22.6 


5.17 


6.64 


5.33 


6.84 


5.48 


7.03 


5.64 


7.23 


5.80 


22.7 


5.23 


6.71 


5.38 


6.91 


5.54 


7.10 


5.70 


7.31 


5.86 


22.8 


5.29 


6.78 


5/44 


6.99 


5.60 


7.17 


5.75 


7.38 


5.91 


22.9 
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17.6» C. 


18" 


C. 


19*" 


C. 


20< 


C. 


21«C. 


8CALS 


Per omt 


Peromt 


Pmr oeot 


Pvr ocnt 


Peromt 


Par oeot 


PeroeDt 


PBTOSOi 


Per coDt 


nXADIIVQ 


by 


by 


}»y 


by 


^ 


by 


by 


by 


by 




volume 


weight 


volame 


weicht 


volume 


weisht 


volume 


wdght 


volume 


23.0 


5.99 


UJ9 


6.08 


^£7 


6.28 


5.0? 


6.47 


5.18 


6.67 


23.1 


6.06 


/f.85 


6.15 


^.93 


6.35 


5.09 


6.54 


5.2U 


6.74 


23.2 


6.13 


itM 


6.22 


^.98 


6.42 


5.U 


6.61 


5J0 


6.81 


23.3 


6.20 


4.97 


6.29 


5.0^ 


6.49 


5.20 


6.68 


5J6 


6.88 


23.4 


6.27 


bm 


6.36 


5.10 


6.56 


5.26 


6.75 


5.^1 


6.95 


23.5 


6.34 


5.06 


6.43 


5.15 


6.63 


5.31 


6.83 


5.^7 


7.02 


23.6 


6.41 


5.U 


6.50 


5.21 


6.70 


5.37 


6.90 


5.53 


7.09 


23.7 


6.48 


5A9 


6.57 


5.27 


6.78 


5.li3 


6.97 


5.59 


7.16 


23.8 


6.55 


6.25 


6.64 


5.32 


6.85 


5.49 


7.04 


5.6^ 


7.23 


23.0 


6.62 


5.30 


6.71 


5.38 


6.92 


5.54 


7.11 


5.70 


7.31 


24.0 


6.69 


5.36 


6.78 


5.44 


6.99 


5.60 


7.18 


5.76 


7.38 


24.1 


6.76 


5.^ 


6.85 


5.49 


7.06 


5.66 


7.25 


5.82 


7.45 


24.2 


6.83 


5.ia 


6.92 


5.55 


7.13 


5.71 


7.32 


5.87 


7.52 


24.3 


6.90 


5.53 


6.99 


5.61 


7.20 


5.77 


7.39 


5M 


7.59 


24.4 


6.97 


5.59 


7.06 


5.66 


7.27 


5.83 


7.46 


5.99 


7.66 


24.6 


7.04 


5.eu 


7.13 


5.72 


7.34 


5.89 


7.53 


6.0^ 


7.73 


24.6 


7.11 


5.70 


7.20 


5.78 


7.41 


5.94 


7.60 


6.10 


7.80 


24.7 


7.18 


5.76 


7.27 


5.83 


7.48 


6.00 


7.67 


6.15 


7.86 


24.8 


7.25 


5.81 


7.35 


5.89 


7.55 


6.06 


7.74 


6.21 


7.93 


24.9 


7.32 


5.87 


7.42 


5.95 


7.62 


6.11 


7.81 


6.26 


8.00 


25.0 


7.39 


5.93 


7.49 


6.01 


7.68 


6.16 


7.88 


6.32 


8.06 


25.1 


7.46 


5.98 


7.56 


6,06 


7.75 


6.22 


7.94 


6.37 


8.13 


25.2 


7.53 


6.0i» 


7.63 


6.12 


7.82 


6.27 


8.01 


6.^ 


8.20 


25.3 


7.59 


6.09 


7.69 


6.17 


7.89 


6.33 


8.07 


6./^ 


8.27 


25.4 


7.66 


6.15 


7.76 


6.23 


7.95 


6J8 


8.14 


6M 


8.34 


25.5 


7.73 


6.W 


7.83 


6.28 


8.02 


6.UU 


8.21 


6.59 


8.41 


25.6 


7.80 


6.26 


7.90 


6.3/i 


8.09 


6.1^ 


8.28 


6.65 


8.48 


25.7 


7.87 


6.31 


7.96 


6.39 


8.16 


6.55 


8.35 


6.70 


8.55 


25.8 


7.94 


6.37 


8.03 


6.^/1 


8.22 


6.60 


8.42 


6.76 


8.62 


25.9 


8.00 


6.^2 


8.10 


6.50 


8.29 


6.66 


8.48 


6.81 


8.69 


26.0 


8.07 


6./i8 


8.16 


6.55 


8.36 


6.71 


8.55 


6.87 


8.75 


26.1 


8.14 


6.53 


8.23 


6.61 


8.43 


6.77 


8.62 


6.92 


8.82 


26.2 


8.21 


6.59 


8.30 


6.66 


8.50 


6.82 


8.69 


6.98 


8.89 


26.3 


8.27 


6.6^ 


8.37 


6.72 


8.57 


6.88 


8.75 


7.03 


&96 


26.4 


8.34 


6.70 


8.44 


6.78 


8.63 


6.93 


8.82 


7.09 


9.03 


26.5 


8.41 


6.75 


8.50 


6.83 


8.70 


6.99 


8.89 


7.15 


9.10 


26.6 


8.48 


6.81 


a57 


6.88 


8.77 


7.0^ 


8.96 


7.20 


9.16 


26.7 


8.55 


6.86 


8.64 


tf.94 


8.84 


7.10 


9.03 


7.26 


9.23 


26.8 


8.62 


6.92 


8.71 


6.99 


8.91 


7.15 


9.10 


7.31 


9.30 


26.9 


a68 


6.97 


&78 


7.05 


8.98 


7.21 


9.17 


7.37 


9.37 


27.0 


8.75 


7.03 


&85 


7.11 


9.05 


7.27 


9.23 


7.^2 


9.44 


27.1 


8.82 


7.08 


&91 


7.16 


9.11 


7.32 


9.30 


7./a 


9.51 


27.2 


8.89 


7.11$ 


8.98 


7.22 


9.18 


7.38 


9.37 


7.5/i 


9.58 


27.3 


8.95 


7.19 


9.05 


7.27 


9.25 


7.l»3 


9.44 


7.59 


9.65 


27.4 


9.02 


7.25 


9.12 


7.33 


9.32 


7.1^ 


9.51 


7.65 


9.71 


27.5 


9.09 


7.30 


9.19 


7.38 


9.38 


7.5U 


9.58 


7.70 


9.78 


27.6 


9.16 


7.36 


9.26 


7.44 


9.45 


7.60 


9.65 


7.76 


9.85 


27.7 


9.22 


7.ii1 


9.32 


7M 


9.52 


7.65 


9.72 


7.82 


9.91 


27.8 


9.29 


7.U7 


9.39 


7.55 


9.59 


7.71 


9.79 


7.87 


9.98 


27.9 


9.36 


7.52 


9.46 


7.60 


9.65 


7.76 


9.86 


7.93 


10.05 
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21* C. 


22*»C. 


28*»C. 


24« 


C. 


25*0. 




Pfr OSDt 


ReroeDt 


Pn* <j0Ut 


PlBr oont 


I^oeot 


I^oeot 


Peronrt 


PlBr cent 


Peroent 


8CAUI 


by 


by 


by 


by 


by 


by 


by 


by 


by 


BBiU^INO 


weiffht 


yolame 


weight 


volnme 


wdght 


volmne 


weight 


volmne 


weight 




5M 


6.86 


5.50 


7.06 


5.66 


7.24 


5.81 


7.45 


5.97 


23.0 


5M 


6.93 


5.56 


7.13 


5.71 


7.32 


5.87 


7.52 


6.03 


23.1 


5M 


7.00 


5.€1 


7.20 


5.77 


7.39 


5.93 


7.59 


6.08 


23.2 


5.51 


7.07 


5.€7 


7.27 


5.83 


7.46 


5.98 


7.66 


6.14 


23.3 


5,57 


7.14 , 


5.73 


7.34 


5.89 


7.53 


6.04 


7.73 


6.20 


23.4 


5.S3 


7.21 


5.78 


7.41 


5.94 


7.60 


6.10 


7.80 


6.25 


23.5 • 


5M 


7.28 


5.84 


7.48 


6.00 


7.67 


6.15 


7.87 


6.31 


23.6 


5.74 


7.35 


5.89 


7.55 


6.06 


7.74 


6.21 


7.94 


6J7 


23.7 


5.80 


7.42 


5.95 


7.62 


6.11 


7.81 


6.97 


8.00 


6.49 


23.8 


5.6^ 


7.49 


€.01 


7.69 


6.17 


7.88 


6.32 


8.07 


6.48 


23.0 


5.99 


7.56 


€.07 


7.76 


6.29 


7.95 


6.38 


8.14 


6.53 


24.0 


5S7 


7.63 


€.12 


7.83 


6.28 


8.02 


6.44 


8.21 


6.S9 


24.1 


6.03 


7.70 


€.18 


. 7.90 


6.34 


8.09 


6.49 


&28 


6.65 


24.2 


€.08 


7.77 


€.94 


7.97 


€.39 


8.16 


6.55 


8.35 


6.70 


24.3 


€.14 


7.84 


€.29 


8.04 


6.45 


8.23 


6.60 


8.42 


6.76 


24.4 


€.90 


7.91 


€J5 


8.10 


6.50 


8.30 


6.66 


8.48 


6.81 


24.5 


€.25 


7.98 


€.41 


8.17 


6.56 


8.37 


6.79 


8.55 


6.87 


24.6 


€.31 


8.05 


€.46 


8.24 


€.62 


8.44 


6.77 


8.62 


6S3 


24.7 


€.3€ 


8.12 


€.59 


8.31 


6.67 


8.51 


6.83 


8.69 


6S8 


24.8 


€M 


8.19 


€.58 


8.38 


€.73 


8.58 


6.89 


8.76 


7.04 


24.9 


€.47 


8.26 


€.63 


8.45 


€.79 


8.64 


6M 


8.84 


7.10 


25.0 


€.53 


8.33 


6.69 


8.52 


€.84 


8.71 


7.00 


8.91 


7.15 


25.1 


€.59 


8.40 


6.75 


8.59 


€J90 


8.78 


7.06 


8.98 


7.21 


25.2 


€.€4 


8.47 


6.80 


8.66 


6.96 


8.85 


7.11 


9.05 


7.97 


25.3 


€.70 


8.54 


6,86 


8.73 


7.01 


8.92 


7.17 


9.12 


7.33 


25.4 


€.75 


8.61 


6M 


8.80 


7.07 


8.99 


7.93 


9.19 


7J8 


25.5 


€.81 


8.68 


6.97 


8.86 


7.12 


9.06 


7.28 


9.26 


7.44 


25.6 


€.87 


8.75 


7.03 


8.93 


7.18 


9.13 


7.34 


9.33 


7.50 


25.7 


€.99 


8.82 


7.08 


9.00 


7.23 


9.20 


7.40 


9.39 


7.55 


25.8 


€.98 


8.89 


7.14 


9.07 


7.29 


9.27 


7.45 

■ 


9.46 


7.61 


25.9 


7.03 


8.95 


7.19 


9.14 


7.35 


9.34 


7.51 


9.53 


7.67 


26.0 


7.09 


9.02 


7.95 


9.21 


7.W 


9.41 


7M 


9.60 


7.73 


26.1 


7.14 


9.09 


7.30 


9.28 


7.46 


9.48 


7.62 


9.67 


7.78 


26.2 


7.90 


9.16 


7.36 


9.35 


7.51 


9.55 


7.68 


9.74 


7M 


26.3 


7.95 


9.22 


7.41 


9.42 


7.57 


9.61 


7.73 


9.81 


7J90 


26.4 


7.31 


9.29 


7.47 


9.49 


7.63 


9.68 


7.79 


9.88 


735 


26.5 


7.3€ 


9.36 


7.52 


9.55 


7.68 


9.75 


7.85 


9.95 


8.01 


26.6 


7.49 


9.43 


7.58 


9.62 


7.74 


9.82 


7.90 


10.02 


8.07 


26.7 


7.47 


9.49 


7.63 


9.69 


7.79 


9.89 


7M 


10.09 


8.12 


26.8 


7.53 


9.56 


7.69 


9.76 


7.85 


9.96 


8.02 


10.16 


8.18 


26.0 


7.59 


9.63 


7.74 


9.83 


7.91 


10.03 


8.07 


10.23 


8.U 


27.0 


7.€5 


9.70 


7.80 


9.90 


7.96 


10.10 


8.13 


1030 


8.99 


27.1 


7.70 


9.76 


7.85 


9.97 


8.02 


10.17 


8.18 


10.37 


8J5 


27.2 


7.7€ 


9.83 


7.91 


10.03 


8.07 


10.24 


8.24 


10.44 


8.40 


27.3 


7.81 


9.90 


7.96 


10.10 


8.13 


10.31 


8.30 


10.51 


8.46 


27.4 


7.8€ 


9.97 


8.&9 


10.17 


8.18 


10.38 


8J5 


10.58 


8.59 


27.5 


7M 


10.03 


8.07 


10.24 


8.24 


10.46 


8.41 


10.65 


8.57 


27.6 


7.97 


10.10 


8.13 


10.31 


8.30 


10.51 


8.46 


10.72 


8j63 


27.7 


8.03 


10.17 


8.18 


10.38 


8.35 


10.58 


8.52 


10.79 


8.69 


27.8 


8.08 


10.24 


8.24 


10.46 


8.41 


10.65 


8.58 


10.86 


8.74 


27.9 
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BIETHOD6 OF ANALYSIS 



[XXX 



Al^OHOL 





17.S 


.•c. 


18» C. 


10«C. 


20»C. 


21'C. 


acAUS 


Percent 


Per oont 


Per oent 


Per oent 


Per oent 


Per oent 


Per oent 


Per oeot 


Per oent 


BBAJMNO 


!*y 


by 


{»y 


by 


!»y 


by 


by 


by 


by 




voluae 


weight 


volume 


weight 


voume 


veigfat 


volume 


weight 


volume 


28.0 


9.43 


7.58 


9.53 


7.66 


9.72 


7.82 


9.92 


7.98 


10.12 


28.1 


9.50 


7.6/1 


9.59 


7.71 


9.79 


7.87 


9.99 


8.04 


10.18 


28J2 


9.57 


7.69 


9.66 


7.77 


9.86 


7.93 


10.06 


8.09 


10.25 


28.3 


9.64 


7.75 


9.73 


7.82 


9.92 


7.98 


1043 


8.15 


10.32 


28.4 


9.70 


7.80 


9.80 


7.88 


9.99 


8.04 


10.19 


8.20 


10.39 


28.5 


9,77 


7.86 


9.86 


7.93 


10.06 


8.09 


10.26 


8.26 


ia45 


28.6 


9.84 


7.91 


9.93 


7.99 


10.13 


8.15 


ia32 


8J1 


ias2 


28.7 


9.91 


7.97 


10.00 


8.0^ 


10.19 


8.20 


10.39 


8J6 


10.59 


28.8 


9.97 


8.02 


10.07 


8.10 


ia26 


8.26 


10.46 


J.42 


10.66 


28.9 


10.04 


8.08 


10.13 


8.15 


10.33 


8.31 


10.52 


.8.47 


10.73 


29.0 


10.10 


8.13 


10.19 


8.20 


10.40 


8.36 


10.59 


8.53 


10.79 


29.1 


10.17 


8A8 


10.26 


8.26 


10.46 


8.42 


10.66 


8.58 


10.86 


29.2 


10.24 


8.2^ 


10.33 


8J1 


10.52 


8.47 


10.73 


8.64 


10.93 


29.3 


10.30 


8.29 


10.40 


8.37 


10.59 


8.53 


10.79 


8.69 


11.00 


29.4 


10.36 


8J^ 


10.46 


8.42 


10.66 


8.58 


10.86 


8.74 


11.06 


29.5 


10.43 


8M 


10.52 


8.47 


10.72 


8£4 


10.93 


8.90 


11.13 


29.6 


10.50 


8.U5 


10.59 


8.53 


10.79 


8.69 


10.99 


8.85 


11.20 


29.7 


10.56 


8,50 


10.66 


8.58 


10.86 


8.74 


11.06 


8.91 


11.27 


29.8 


10.63 


8M 


10.72 


8.63 


ia93 


8J80 


11.12 


8M 


11.33 


29.9 


10.69 


8.61 


10.79 


8.69 


10.99 


8J85 


11.19 


9j§2 


11.39 


30.0 


10.76 


8.66 


10.86 


8.74 


11.05 


8.91 


11.26 


9M7 


11.46 


30.1 


10.83 


8,72 


10.93 


8.80 


11.12 


8M 


11.32 


9.12 


11.52 


30.2 


10.89 


8.77 


10.99 


8.85 


11.18 


9.02 


11.36 


9.18 


11.59 


30.3 


10.95 


8.82 


11.05 


8.90 


11.25 


9.07 


11.46 


9.23 


11.66 


30.4 


11.02 


8.88 


11.12 


8M 


11.31 


9.12 


11.51 


9.28 


11.72 


30.5 


11.08 


8.93 


11.18 


9.01 


11.38 


9.18 


11.56 


9.34 


11.79 


30.6 


11.15 


8.98 


11.25 


9.06 


11.44 


9.23 


11.64 


9.39 


11.85 


30.7 


11.21 


9.0^ 


11.31 


9.12 


11.51 


9.28 


11.71 


9.44 


11.92 


30.8 


11.28 


9.09 


11.38 


9.17 


11.58 


9.34 


11.78 


9M 


11.99 


30.9 


11.34 


9.1^ 


11.44 


9,22 


11.64 


9.39 


11.84 


9.55 


12.05 


31.0 


11.41 


9.19 


11.51 


9.28 


11.71 


9.44 


11.91 


9.60 


12.12 


31.1 


11.47 


9.25 


11.57 


9J3 


11.77 


9.49 


11.97 


9.66 


12.18 


31.2 


11.54 


9.30 


11.64 


938 


11.84 


9.55 


12.04 


9.71 


12.25 


31.3 


11.60 


9.35 


11.70 


9.43 


11.90 


9.60 


12.11 


9.76 


12.32 


31.4 


11.66 


9.U0 


11.77 


9.49 


11.97 


9.65 


12.17 


9.82 


12.38 


31.5 


11.73 


9.m 


11.83 


9.54 


12.03 


S.71 


12.24 


9.87 


12.45 


31.6 


11.79 


9.51 


11.90 


9.59 


12.10 


9.76 


12.30 


9S2 


12.51 


31.7 


11.86 


9.56 


11.96 


9.65 


12.16 


9.81 


12.37 


9S8 


12.58 


31.8 


11.92 


9.62 


12.03 


9J0 


12.23 


9J87 


12.43 


10.03 


12.64 


31.9 


11.99 


9JS7 


12.09 


9.75 


12.29 


9.92 


12.50 


10.09 


12.71 


32.0 


12.05 


9.72 


12.15 


9.80 


12.36 


9J97 


12.57 


10.14 


12.78 


32.1 


12.12 


9.77 


12.21 


9.86 


12.42 


1033 


12.63 


10.19 


12.84 


32.2 


12.18 


9.83 


12.28 


9J91 


12.49 


10.08 


12.70 


10.25 


12.91 


32.3 


12.24 


9.88 


12.34 


9M 


12.55 


10.13 


12.76 


10J0 


12.97 


32.4 


12.31 


9.93 


12.40 


10.02 


12.62 


10.19 


12.83 


1035 


13.04 


32.5 


12.37 


".2^0 


12.47 


10.07 


12.68 


10.24 


12.89 


10.41 


13.10 


32.6 


12.43 


10.0U 


12.54 


10.12 


12.75 


40.29 


12.96 


10.46 


13.17 


32.7 


12.50 


10.09 


12.60 


10.17 


12.81 


10.34 


13.03 


10.52 


13.24 


32.8 


12.56 


10.1^ 


12.67 


10.23 


12.88 


10.40 


13.09 


10.57 


13.30 


32^ 


12.62 


§0.19 


12.73 


10.28 


12.94 


10.45 


13.15 


10.62 


13.37 
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21* C. 


22*»C. 


23* C. 


34c 


C. 


26*" 


C. 




P^ cont 


I^oeDt 


I^oent 


Pi0r cent 


PBTOUXt 


Pnr cent 


Per cent 


Per cent 


Per cent 


BOALM 


by 


by 


by 


by 


by 


by 


^y 


by 


by 




weight 


volume 


weight 


votame 


weight 


volame 




voiunie 


weight 




S.U 


10.31 


8.30 


10.51 


8M 


10.72 


8.63 


10.93 


8.80 


2S.0 


8.i9 


10.3S 


8J5 


10.58 


8.52 


10.79 


8.69 


10.99 


8M 


28.1 


8.25 


10.45 


8.41 


10.65 


9.0%3 


10.86 


8.74 


11.06 


8M 


28.2 


8.30 


10.52 


8.46 


10.72 


8.63 


10.93 


8.80 


11.13 


8S7 


28.3 


8.36 


10.59 


8.52 


10.79 


8.69 


11.00 


8.86 


11.20 


9.02 


28.4 


8.Ui 


10.M 


O.09 


10.86 


8.74 


11.06 


8.91 


11.27 


9.08 


28.5 


8.U7 


10.72 


8.63 


10.93 


8.80 


11.13 


8.97 


11.33 


9.13 


28.6 


S.5S 


10.79 


8.69 


11.00 


8.86 


11.20 


9.02 


11.40 


9.19 


28.7 


o.Oo 


10.86 


8.74 


11.06 


8.91 


11.27 


9.08 


11.47 


9.24 


28.8 


8.64 


10.93 


8.80 


11.13 


8.97 


11.33 


9.13 


11.54 


9.30 


28.9 


8.S9 


11.00 


8.86 


11.20 


9.02 


11.40 


9.19 


11.61 


9.36 


29.0 


8.75 


11.06 


8.91 


11.27 


9.08 


11.47 


9.24 


11.68 


9.41 


29.1 


8.80 


11.13 


8.97 


11.33 


9.13 


11.54 


9.30 


11.75 


9.47 


27.2 


8.8S 


11.20 


9.02 


11.40 


9.19 


11.60 


9.35 


11.81 


9.52 


29.3 


8.91 


11.27 


9.08 


11.47 


9.24 


11.67 


9.41 


11.88 


9.58 


29.4 


8.97 


11.33 


9.13 


11.54 


9.30 


11.74 


9.46 


11.94 


9.63 


29.5 


9.02 


11.39 


9.18 


11.60 


9.35 


11.81 


9.52 


12.01 


9.69 


29.6 


9.08 


11.46 


9.24 


11.67 


9.41 


11.87 


9.57 


12.08 


9.75 


29.7 


9.13 


11.53 


9.29 


11.74 


9.46 


11.94 


9.63 


12.15 


9.80 


29.8 


9.18 


11.60 


9.35 


11.81 


9.52 


12.01 


9.69 


12.22 


9.86 


29.9 


9.24 


11.66 


9.40 


11.87 


9.57 


12.08 


9.74 


12.29 


9J91 


dO.O 


9.29 


11.73 


9.46 


11.93 


9.63 


12.14 


9.80 


12.36 


9S7 


30.1 


9.34 


11.79 


9.51 


12.00 


9.68 


12.21 


9.85 


12.42 


10.02 


80.2 


9.40 


11.86 


9.57 


12.07 


9.74 


12.28 


9J91 


12.49 


10.08 


30.3 


9.45 


11.93 


9.62 


12.13 


9.79 


12.34 


9.96 


12.56 


10.13 


30.4 


9.50 


11.99 


9.67 


12.20 


9.85 


12.41 


10.02 


12.63 


10.19 


30.6 


9.56 


12.06 


9.73 


12.27 


9.90 


12.48 


10.07 


12.70 


10.24 


30.6 


9.61 


12.13 


9.78 


12.34 


9,96 


12.55 


10.13 


12.77 


10.30 


30.7 


9.67 


12.19 


9.84 


12.40 


10.01 


12.61 


10.18 


12.84 


10M 


30.8 


9.72 


12.26 


9.89 


12.47 


10.07 


12.68 


10.24 


12.90 


10.41 


30.9 


9.77 


12.32 


9.95 


12.54 


10.12 


12.75 


10.29 


12.97 


10.47 


31.0 


9.83 


12.39 


10.00 


12.60 


10.17 


12.82 


10.35 


13.04 


10.52 


31.1 


9.88 


12.46 


10.05 


12.67 


10.23 


12.89 


10.40 


13.11 


10.58 


31.2 


9.94 


12.52 


10.11 


12.74 


10.28 


12.95 


10.46 


13.17 


10.63 


31.3 


9.99 


12.59 


10.16 


12.81 


10.34 


13.02 


10.51 


13.24 


10.69 


31.4 


10.04 


12.66 


10.22 


12.87 


10.39 


13.09 


10.57 


13.31 


10.74 


31.5 


10.10 


12.72 


10.27 


12.94 


10.45 


13.15 


10.62 


13.37 


10.80 


31.6 


10.15 


12.79 


10.32 


13.01 


10.50 


13.22 


10.68 


13.44 


10.86 


31.7 


10.21 


12.85 


10.38 


13.07 


10.55 


13.29 


10.73 


13.51 


10.91 


31.8 


10.26 


12.92 


10.43 


13.14 


10.61 


13.35 


10.78 


13.57 


10.97 


31.9 


10.31 


12.99 


10.49 


13.20 


10.66 


13.42 


10.84 


13.64 


11.02 


32.0 


10.37 


13.05 


10.54 


13.27 


10.72 


13.49 


10.90 


13.71 


11.08 


32.1 


10.42 


13.12 


10.59 


13.34 


10.77 


13.55 


10.95 


13.77 


11.13 


32.2 


10.48 


13.18 


10.65 


13.40 


10.83 


13.62 


11.01 


13.84 


11.19 


32.3 


10.53 


13.25 


10.70 


13.47 


10.88 


13.69 


11.05 


13.91 


11.24 


32.4 


10.58 


13.32 


10.76 


13.53 


10.94 


13.75 


11.11 


13.97 


11.30 


32.5 


10.64 


13.38 


10.81 


13.60 


10.99 


13.82 


11.17 


14.04 


11.35 


32.6 


10.69 


13.45 


10.87 


13.66 


11.04 


13.89 


11.22 


14.11 


11.41 


32.7 


10.75 


13.51 


10.92 


13.73 


11.10 


13.95 


11.28 


14.17 


11.46 


32.8 


10.80 


13.58 


10.97 


13.80 


11.15 


14.02 


11.33 


14.24 


11.52 


32.9 
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METHODS OF ANALYSIS 



[XXX 



Alcohol 





17.fi 


►«C. 


18«C. 


lft*>C. 


2(yc. 


21° C. 


flCAIX 


Per cent 


Per cent 


Par cent 


Peroeot 


Percent 


Percent 


Percent 


Percent 


Percent 


KBADfNO 


by 


by 


by 


by 


by 


by 


by 


by 


by 




volume 


weight 


volunM 


weight 


voiume 


w«gfat 


volume 


weight 


vohime 


33.0 


12.69 


fO.24 


12.79 


10.33 


13.01 


i0.50 


13.22 


10.68 


13.43 


33.1 


12.76 


10.30 


12.86 


iOJ8 


13.07 


10M 


13.28 


10.73 


13.50 


33.2 


12.82 


10J5 


12.92 


10.^ 


13.13 


10.61 


13.35 


10.79 


13.56 


33.3 


12.88 


10M 


12.99 


10.^ 


13.20 


10.66 


13.41 


10.84 


13.63 


33.4 


12.95 


10M 


13.05 


10.5^ 


13.26 


10.71 


13.48 


10.89 


13.69 


33.5 


13.01 


10.50 


13.11 


10.59 


13.32 


10.77 


13.54 


10J95 


13.76 


33.6 


13.08 


10.56 


13.18 


10.6^ 


13.39 


10.82 


13.61 


11.00 


13.82 


33.7 


13.14 


10.61 


13.24 


10.70 


13.45 


10.87 


13.67 


11.05 


13.89 


33.8 


13.20 


10.66 


13.30 


10.75 


13.52 


10.93 


13.74 


11.10 


13.95 


33.9 


13.26 


10.71 


13.37 


10.80 


13.58 


10.98 


13.80 


11.16 


14.02 


34.0 


13.33 


10.77 


13.43 


10.85 


13.64 


11.03 


13.86 


11.21 


14.08 


34.1 


13.39 


10.82 


13.49 


10.91 


13.71 


11.08 


13.93 


11.26 


14.15 


34.2 


13.45 


10.87 


13.56 


10.96 


13.77 


11.13 


13.99 


11.31 


14.21 


34.3 


13.52 


10M 


13.62 


11.01 


13.83 


11.19 


14.06 


11.36 


14.27 


34.4 


13.58 


10J97 


13.68 


11.06 


13.90 


11.2/t 


14.12 


11.41 


14.34 


34.5 


13.64 


11.03 


13.75 


11.11 


13.96 


11.29 


14.18 


11.47 


14.40 


34.6 


13.70 


11.08 


13.81 


11.16 


14.02 


11.3^ 


14.25 


11.52 


14.47 


34.7 


13.77 


11.13 


13.87 


11.22 


14.08 


11.39 


14.31 


11.57 


14.53 


34.8 


13.83 


11.18 


13.94 


11.27 


14.14 


11./^ 


14.37 


11.62 


14.59 


34.9 


13.89 


11.23 


14.00 


11.32 


14.20 


11./i9 


14.43 


11.67 


14.66 


35.0 


13.96 


11.28 


14.06 


11.37 


14.27 


11.55 


14.50 


11.73 


14.72 


35.1 


14.02 


11.33 


14.13 


11.^2 


14.33 


11.60 


14.56 


11.78 


14.78 


35.2 


14.08 


11.38 


14.19 


11./i7 


14.39 


11.65 


14.62 


11.83 


14.85 


35.3 


14.14 


11.U 


14.25 


11.52 


14.46 


11.70 


14.69 


11.88 


14.91 


35.4 


14.21 


11.^ 


14.31 


11.57 


14.52 


11.75 


14.75 


11.93 


14.97 


35.5 


14.27 


11.5^ 


14.38 


11.63 


14.59 


11.81 


14.81 


11.99 


15.04 


35.6 


14.33 


11.59 


14.44 


11.68 


14.65 


11.86 


14.87 


12.04 


15.10 


35.7 


14.39 


11.6^ 


14.50 


11.73 


14.71 


11.91 


14.94 


12.09 


15.16 


35.8 


14.46 


11.69 


14.56 


11.78 


14.78 


11.96 


15.00 


12.14 


15.23 


35.9 


14.52 


11.7^ 


14.63 


11.83 


14.84 


12.01 


15.06 


12.19 


15.29 


36.0 


14.58 


11.79 


14.69 


11.88 


14.90 


12.06 


15.13 


12.24 


15.35 


36.1 


14.64 


11.85 


14.75 


11.9^ 


14.97 


12.11 


15.19 


12.30 


15.42 


36.2 


14.71 


11.90 


14.81 


11.99 


15.03 


12.16 


15.25 


12.35 


15.48 


36.3 


14.77 


11.95 


14.88 


12.0U 


15.09 


12.22 


15.32 


12.40 


15.54 


36.4 


14.83 


12.00 


14.94 


12.09 


15.16 


12.27 


15.38 


12.45 


15.61 


36.6 


14.89 


12.05 


15.00 


12.1U 


15.22 


12.32 


15.44 


12.50 


15.67 


36.6 


14.96 


12.10 


15.06 


12.19 


15.28 


12.37 


15.51 


12.56 


15.73 


36.7 


15.02 


12.15 


15.13 


12.2^ 


15.35 


12.^2 


15.57 


12.61 


15.80 


36.8 


15.08 


12.20 


15.19 


12.29 


15.41 


12.U7 


15.63 


12.66 


15.86 


36.9 


15.14 


12.25 


15.25 


12.3/4 


15.47 


12.53 


15.70 


12.71 


15.92 


37.0 


15.20 


12.30 


15.31 


12.^ 


15.53 


12.58 


15.76 


12.77 


15.99 


37.1 


15.27 


12.36 


15.38 


12.^5 


15.60 


12.63 


15.82 


12.83 


16.05 


37.2 


15.33 


12.^1 


15.44 


12.50 


15.66 


12.68 


15.89 


12.87 


16.11 


37.3 


15.39 


12.^ 


15.50 


12.55 


15.72 


12.73 


15.95 


12.92 


16.18 


37.4 


15.45 


12.51 


15.56 


12.60 


15.79 


12.78 


16.01 


12.97 


16.24 


37.5 


15.51 


12.56 


15.63 


12.65 


15.85 


12.81$ 


16.08 


13,03 


16.30 


37.6 


15.57 


12.61 


15.69 


12.70 


15.91 


12.89 


16.14 


13.08 


16.37 


37.7 


15.64 


12.66 


15.75 


12.75 


15.97 


12.9^ 


16.20 


13.13 


16.43 


37.8 


15.70 


12.71 


15.81 


12.81 


16.04 


12.99 


16.26 


13.18 


16.49 


37.9 


15.76 


12.76 


15.88 


12.86 


16.10 


13.0^ 


16.33 


13.23 


16.56 
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21»C. 


22? C. 


23* 


C. 


24« 


C. 


26« 


C. 




Per oMit 


Percent 


Percent 


Percent 


Percent 


Percent 


Percent 


Per cent i 


Percent 


acAUi 


by 


!»y 


by 


by 


by 


by 


by 


by * 


by 


RBADINO 


weight 


volume 


weight 


volume 


weight 


volume 


weight 


volume 


weight 




iOM 


13.64 


11.03 


13.86 


11.21 


14.09 


11J9 


14.31 


11.57 


33.0 


iOJ9i 


13.71 


11.08 


13.93 


11.26 


14.15 


11.^ 


14.38 


11.63 


33.1 


10.96 


13.78 


11,13 


13.90 


11.31 


14.22 


11.U9 


14.44 


11.68 


33.2 


am 


13.84 


11.19 


14.06 


11.37 


14.28 


11.55 


14.51 


11.7^ 


33.3 


11.07 


13.91 


11.2/i 


14.13 


11M 


14.35 


11.60 


14.58 


11.79 


33.4 


11.12 


13.97 


11.29 


14.19 


11M 


14.42 


11.66 


14.64 


11.85 


33.5 


11.17 


14.04 


11.35 


14.26 


11.53 


14.48 


11.71 


14.71 


11.90 


33.6 


11.23 


14.11 


11.^ 


14.32 


11.58 


14.55 


11.77 


14.78 


11.96 


33.7 


11.28 


14.17 


11.^ 


14.39 


11.6($ 


14.62 


11.82 


14.85 


12.01 


33.8 


11.33 


14.24 


11.51 


14.45 


11.69 


14.68 


11.88 


14.91 


12.07 


33.9 


11.38 


14.30 


11.56 


14.52 


11.75 


14.75 


11.93 


14.98 


12.12 


34.0 


11.M 


14.37 


11.61 


14.59 


11.80 


14.81 


11.98 


15.05 


12.18 


34.1 


ll.ftS 


14.43 


11.67 


14.65 


11.85 


14.88 


12.0^ 


15.11 


12.23 


34.2 


11.M 


14.50 


11.72 


14.72 


11S1 


14.95 


12.09 


15.18 


12.29 


34.3 


11.59 


14.57 


11.78 


14.78 


11.96 


15.01 


12.15 


15.25 


12.3(t 


34.4 


11.65 


14.63 


11.83 


14.85 


12.02 


15.08 


12.20 


15.31 


12.W 


34.5 


11.70 


14.70 


11.88 


14.91 


12.07 


15.14 


12.26 


15.38 


12.(^5 


34.6 


11.75 


14.76 


11.9^ 


14.98 


12.12 


15.21 


12M 


15.45 


12.51 


34.7 


11.81 


14.83 


11.99 


15.05 


12.18 


15.28 


12.36 


15.51 


12.56 


34.8 


11.86 


14.89 


12.0^ 


15.11 


12.23 


15.34 


12./i2 


15.58 


12.62 


34.9 


11.91 


14.96 


12.10 


15.18 


12.28 


15.41 


12.(t7 


15.65 


12.67 


35.0 


11.96 


15.03 


12.15 


15.24 


12.3^ 


15.47 


12.53 


15.71 


12.73 


35.1 


12.02 


15.09 


12.20 


15.31 


12.39 


15.54 


12.58 


15.78 


12.78 


35.2 


12.07 


15.15 


12.25 


15.37 


12.H 


15.61 


12.6(1 


15.85 


12.8U 


35.3 


12.12 


15.22 


12.31 


15.44 


12.50 


15.67 


12.69 


15.91 


12.89 


35.4 


12.17 


15.28 


12.36 


15.50 


12.55 


15.74 


12.75 


15.98 


12.95 


35.5 


12.23 


15.34 


12.U1 


15.56 


12.60 


15.80 


12.80 


16.05 


13.00 


35.6 


12.28 


15.41 


i2.ta 


15.63 


12.66 


15.87 


12.85 


16.11- 


13.05 


35.7 


12.33 


15.47 


12.52 


15.69 


12.71 


15.93 


12.91 


16.18 


13.11 


35.8 


12.38 


15.53 


12.57 


15.76 


12.76 


16.00 


12.96 


16.24 


13.16 


35.9 


12.^ 


15.59 


12.62 


15.82 


12.82 


16.06 


13.02 


16.31 


13.21 


36.0 


12.^ 


15.66 


12.68 


15.89 


12.87 


16.13 


13.07 


16.37 


13.27 


36.1 


12.5^ 


15.72 


12.73 


15.95 


12.92 


16.19 


13.12 


16.44 


13.32 


36.2 


12.59 


15.78 


12.78 


16.02 


12.98 


16.26 


13.18 


16.50 


13.37 


36.3 


12.6(1 


15.85 


12.8^ 


16.08 


13.03 


16.32 


13.23 


16.56 


13.(i3 


36.4 


12.70 


15.91 


12.89 


16.15 


13.08 


16.39 


13.28 


16.63 


13.(t8 


36.5 


12.75 


15.97 


12.9(1 


16.21 


13.1(1 


16.45 


13.3^ 


16.69 


13.53 


36.6 


12.80 


16.04 


12.99 


16.28 


13.19 


16.52 


13.39 


16.76 


13.59 


36.7 


12.85 


16.10 


13.05 


16.34 


13.2^ 


16.58 


13.($(f 


16.82 


13M 


36.8 


12.91 


16.16 


13.10 


16.40 


13.29 


16.65 


13.($9 


16.89 


13.70 


36.9 


12.96 


16.23 


13.15 


16.47 


13.35 


16.71 


13.55 


16.95 


13.75 


37.0 


13.01 


16.29 


13.20 


16.53 


13.(t0 


16.77 


13.60 


17.02 


13.80 


37.1 


13.06 


16.35 


13.26 


16.60 


13.(t5 


16.84 


13.65 


17.08 


13.86 


37.2 


13.11 


16.42 


13.31 


16.66 


13.50 


16.90 


13.71 


17.15 


13.91 


37.3 


13.16 


16.48 


13.36 


16.72 


13.56 


16.97 


13.76 


17.21 


13.96 


37.4 


13.21 


16.54 


13M 


16.79 


13.61 


17.03 


13.81 


17.27 


1(k.02 


37.5 


13.27 


16.61 


13.(t6 


16.85 


13.66 


17.09 


13.87 


17.34 


U.07 


37.6 


13.32 


16.67 


13.52 


16.92 


13.72 


17.16 


13.92 


17.40 


1(t.12 


37.7 


13.37 


16.73 


13.57 


16.98 


13.77 


17.22 


13.97 


17.46 


1(i.17 


37.8 


13.^2 


16.80 


13.62 


17.04 


13.82 


17.28 


1(t.03 


17.53 


1(1.23 


37.9 
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[XXX 



Alcohol 





17.5 


•C. 


18" 


C. 


1»«C. 


20»C. 


21'C. 


9CALB 


Per cent 


P^ cent 


Piarcent 


Percent 


Percent 


Percent 


P»oeat 


Per cent 


Per cent 


lUBADINO 


by 


by 


by 


by 


by 


by 


^ 


by 


!»y 




volume 


weight 


volume 


weight 


volume 


weiffht 


volume 


weight 


volume 


38.0 


15.82 


J2^i 


15.94 


12.91 


16.16 


13.09 


16.39 


13.28 


16.62 


38.1 


15.88 


n.S6 


16.00 


12.96 


16.22 


13.U 


16.45 


13.33 


16.68 


38.2 


15.94 


12.91 


16.06 


13.01 


16.29 


13.19 


16.51 


13.38 


16.75 


38.3 


16.01 


12M 


16.12 


13.06 


16.35 


13.25 


16.57 


13.H 


16.81 


38.4 


16.07 


13.02 


16.18 


13.11 


16.41 


13.30 


16.64 


13.^ 


16.87 


38.5 


16.13 


13,07 


16.25 


13.16 


16.47 


13.35 


16.70 


13.5U 


16.94 


38.6 


16.19 


13.12 


16.31 


13.21 


16.53 


13.I1O 


16.76 


13.59 


17.00 


38.7 


16.25 


13.17 


16.37 


13.26 


16.60 


13.l$5 


16.83 


13.6^ 


17.06 


38.8 


16.31 


13.22 


16.43 


13.31 


16.66 


13.50 


16.89 


13.69 


17.13 


38.9 


16.37 


13.27 


16.49 


13.37 


16.72 


13.55 


16.95 


13.7k 


17.19 


39.0 


16.44 


13.32 


16.55 


13.^2 


16.78 


13.61 


17.01 


13.79 


17.25 


39.1 


16.50 


13.37 


16.61 


13.k7 


16.84 


13.66 


17.07 


13.85 


17.31 


39.2 


16.56 


13.^2 


16.67 


13.52 


16.91 


13.71 


17.14 


13.90 


17.38 


39.3 


16.62 


13.^7 


16.74 


13.57 


16.97 


13.76 


17.20 


13.95 


17.44 


39.4 


16.68 


13.52 


16.80 


13.62 


17.03 


13.81 


17.26 


U.00 


17.50 


39.6 


16.74 


13.57 


16.86 


13.67 


17.09 


13.86 


17.32 


U.05 


17.56 


39.6 


16.80 


13.62 


16.92 


13.72 


17.15 


13.91 


17.39 


U.10 


17.63 


39.7 


16.87 


13.6S 


16.98 


13.77 


17.21 


13.96 


17.45 


U.15 


17.69 


39.8 


16.93 


13.73 


17.04 


13.82 


17.28 


U.02 


17.51 


u:2i 


17.75 


39.9 


16.99 


13.78 


17.10 


13.87 


17.34 


U.07 


17.57 


U.26 


17.81 


40.0 


17.05 


13.83 


17.16 


13.92 


17.40 


U.12 


17.63 


UJ1 


17.88 


40.1 


17.11 


13.88 


17.23 


13.98 


17.46 


U.17 


17.70 


U.36 


17.94 


40.2 


17.17 


13.93 


17.29 


U.03 


17.52 


U.22 


17.76 


U.kl 


18.00 


40.3 


17.23 


13.98 


17.35 


U.08 


17.58 


U.27 


17.82 


U.k6 


18.06 


40.4 


17.29 


1^4.03 


17.41 


U.I 3 


17.64 


U.32 


17.88 


U.51 


18.12 


40.5 


17.35 


1^.08 


17.47 


1U8 


17.71 


U.37 


17.94 


U.56 


18.19 


40.6 


17.41 


U.I 3 


17.53 


U.23 


17.77 


U.lt2 


18.01 


U.62 


18.25 


40.7 


17.48 


111.18 


17.59 


U.28 


17.83 


U.U7 


18.07 


U.67 


18.31 


40.8 


17.54 


U.23 


17.65 


U.33 


17.89 


U.52 


18.13 


U.72 


18.37 


40.9 


17.60 


U.28 


17.71 


U.38 


17.95 


U.57 


1&19 


UJ7 


18.43 


41.0 


17.66 


U.33 


17.77 


U.it3 


18.01 


U.62 


18.25 


U.82 


18.49 


41.1 


17.72 


1U8 


17.84 


1U.U8 


18.07 


U.68 


18.31 


U.87 


18.56 


41.2 


17.78 


f^.4? 


17.90 


U.53 


18.13 


U.73 


18.37 


U.92 


18.62 


41.3 


17.84 


U.li8 


17.96 


U.58 


18.20 


U.78 


18.44 


U.97 


18.68 


41.4 


17.90 


U.53 


18.03 


U.63 


18.26 


U.83 


18.50 


15.03 


18.74 


41.5 


17.96 


U.58 


18.08 


U.68 


18.32 


U.88 


18.56 


15.08 


18.80 


41.6 


18.02 


U.63 


18.14 


1U.73 


18.38 


U.93 


18.62 


15.13 


18.86 


41.7 


18.08 


U.68 


18.20 


U.78 


18.44 


U.98 


18.68 


15.18 


18.93 


41.8 


18.14 


111.73 


18.26 


U.83 


18.50 


15.03 


18.74 


15.23 


18.99 


41.9 


18.20 


U.78 


18.32 


U.88 


18.56 


15.08 


18.81 


15.28 


19.05 


42.0 


18.27 


U.83 


18.38 


U.93 


18.62 


15.13 


18.87 


15.33 


19.11 


42.1 


18.33 


U.88 


18.44 


U.98 


18.68 


15.18 


18.93 


15.38 


19.17 


42.2 


18.39 


U.93 


18.50 


15.03 


18.74 


15.23 


18.99 


15.k3 


19.23 


42.3 


18.45 


111.98 


18.56 


15.08 


18.80 


15.28 


19.05 


15M 


19.29 


42.4 


18.51 


15.03 


18.62 


15.13 


18.87 


15.33 


19.11 


15.53 


19.36 


42.5 


18.57 


15.08 


18.68 


15.18 


I8.93 


15.38 


19.17 


15.58 


19.42 


42.6 


18.63 


15.13 


18.75 


15.23 


18.99 


15.^ 


19.23 


15.63 


19.48 


42.7 


18.69 


15.18 


18.81 


15.28 


19.05 


15.^ 


19.29 


15.69 


19.54 


42.8 


18.75 


15.23 


18.87 


15.33 


19.11 


15.53 


19.36 


15.7k 


19.60 


42.9 


18.81 


15.28 


18.93 


15.38 


19.17 


15.58 


19.42 


15.79 


19.66 



XXX] 



Table. — Continued. 



REFERENCE TABLES 



371 

8 



21«C. 


22* c. 


2rc. 


24« 


•c. 


25" 


C. 




Pttt 06nt 


Peroent 


Percent 


Per cent 


Per cent 


rwt cent 


Percent 


Pbt cent 


Percent 


8CALB 


by 


by ' 


by 


by 


by 


J»y 


by 


^y 


by 


REAallfa 


weight 


volume ' 

1 


weight 


vohune 


weight 


voliuDe 


weight 


vohune 


weight 




13M 


16.86 


13.67 


17.11 


13.87 


17.35 


14.08 


17.59 


14.28 


38.0 


13.53 


16.92 


13,72 


17.17 


13.93 


17.41 


14.13 


17.66 


14.33 


38.1 


13.58 


16.99 


13.78 


17.23 


13.98 


17.47 


14.18 


17.72 


14.38 


38.2 


13.63 


17.05 


13.83 


17.30 


14.03 


17.54 


14.23 


17.78 


14.43 


38.3 


13.68 


17.11 


13.88 


17.36 


14.08 


17.60 


14.29 


17.85 


14.49 


38.4 


13.73 


17.18 


13.93 


17.42 


14.14 


17.66 


14.34 


17.91 


14.54 


38.5 


13.79 


17.24 


13.98 


17.48 


14.19 


17.73 


14.39 


17.97 


14.59 


38.6 


13.8^ 


17.30 


1/4.0/i 


17.55 


14.24 


17.79 


14.44 


18.04 


14.64 


38.7 


13.89 


17.36 


1/4.09 


17.61 


14.29 


17.85 


14.49 


18.10 


14.70 


38.8 


13.9^ 


17.43 


U.1/4 


17.67 


14.34 


17.92 


14.55 


18.16 


14.75 


38.9 


13.99 


17.49 


14.19 


17.74 


14M 


17.98 


14.60 


18.23 


14.80 


39.0 


U.05 


17.55 


1/4.2/4 


17.80 


14.45 


18.04 


14.65 


18.29 


14.85 


39.1 


lAlO 


17.62 


1/4.30 


17.86 


14.50 


18.11 


14.70 


18.35 


14.91 


39.2 


1U5 


17.68 


1/4.35 


17.92 


14.55 


18.17 


14.76 


18.42 


14.96 


39.3 


1/4.20 


17.74 


1/$./^ 


17.99 


14.60 


18.23 


14.81 


1&48 


15.01 


39.4 


1^.25 


17.81 


1/4./45 


18.05 


14.66 


18.30 


14.86 


18.54 


15.06 


39.5 


1/4.30 


17.87 


1/4.50 


laii 


14.71 


18.36 


14.91 


18.61 


15.12 


39.6 


1/4.36 


17.93 


1/4.56 


18.18 


14.76 


18.42 


14.96 


1&67 


15.17 


39.7 


1M1 


17.99 


1/4.61 


18.24 


14.81 


18.48 


15.02 


18.73 


15.22 


39.8 


u./^ 


18.06 


14.66 


1&30 


14.87 


1&55 


15.07 


1&80 


15.27 


39.9 


1/4.51 


18.12 


1/4.71 


18.36 


14.92 


18.61 


15.12 


18.86 


15.32 


40.0 


U.56 


18.18 


14.77 


18.43 


14.97 


18.67 


15.17 


18.92 


15.38 


40.1 


1^.61 


18.24 


14.82 


18.49 


15.02 


1&74 


15.22 


ia99 


15.43 


40.2 


1/4.67 


18.30 


14.87 


18.55 


15.07 


1&80 


15.27 


19.05 


f6.48 


40.3 


i/4.n 


18.37 


14.92 


ia6i 


15.12 


18.86 


15.33 


19.11 


15.53 


40.4 


1/4.77 


18.43 


14.97 


18.68 


15.17 


18.92 


15.38 


19.18 


15.59 


40.6 


U.9i 


18.49 


15.03 


18.74 


15.23 


18.99 


15.43 


19.24 


15.64 


40.6 


U.87 


18.55 


15.08 


18.80 


15.28 


19.05 


15.48 


19.30 


15.69 


40.7 


14.92 


18.61 


15.13 


18.86 


15.33 


19.11 


15.53 


19.37 


15.74 


40.8 


1/^.97 


18.68 


f5.t8 


18.93 


15.38 


19.18 


15.59 


19.43 


15.80 


40.9 


15.03 


18.74 


15.23 


18.99 


f5.43 


19.24 


15.64 


19.49 


15.85 


41.0 


15.08 


18.80 


15.28 


19.05 


15.48 


19.30 


15.69 


19.56 


15.90 


41.1 


15.13 


18.86 


15.33 


19.11 


15.53 


19.36 


15.74 


19.62 


15.95 


41.2 


15.18 


18.93 


t5.38 


19.17 


15.58 


19.43 


15.79 


19.68 


16.01 


41.3 


15.23 


18.99 


15./43 


19.24 


15.64 


19.49 


15.84 


19.75 


16.06 


41.4 


15.28 


19.0^ 


15.48 


19.30 


f5.69 


19.55 


15.90 


19.81 


16.11 


41.5 


15.33 


19.11 


15.53 


19.36 


15.74 


19.61 


15.95 


19.87 


16.16 


41.6 


15.38 


19.17 


15.58 


19.42 


15.79 


19.68 


16.00 


19.94 


16.21 


41.7 


15./43 


19.23 


15.63 


19.48 


15.84 


19.74 


16.05 


20.00 


ie.27 


41.8 


15M 


19.29 


15.69 


19.55 


15.89 


19.80 


16.10 


20.06 


16.32 


41.9 


15.53 


19.36 


15.74 


19.61 


15.94 


19.86 


16.16 


20.13 


16.37 


42.0 


15.58 


19.42 


15.79 


19.67 


15.99 


19.93 


16.21 


20.19 


16.42 


42.1 


15.63 


19.48 


15.84 


19.73 


16.05 


19.99 


16.26 


20.25 


16./48 


42.2 


15.69 


19.54 


15.89 


19.80 


16.10 


20.05 


16.31 


20.31 


16.53 


42.3 


15J/$ 


19.60 


15.94 


19.86 


16.15 


20.11 


16.36 


20.38 


16.58 


42.4 


15.79 


19.66 


15.99 


19.92 


16.20 


20.18 


16.41 


20.44 


16.63 


42.5 


15.84 


19.72 


16.04 


19.96 


16.25 


20.24 


16.47 


20.50 


16.69 


52.6 


15.89 


19.79 


16.09 


20.04 


16.30 


20.30 


16.52 


20.57 


16.74 


42.7 


15.9/1 


19.85 


16.14 


20.10 


16.35 


20.36 


16.57 


20.63 


16.79 


42.8 


15.99 


19.91 


16.19 


20.17 


16.41 


20.43 


16.62 


20.69 


16.84 


42.9 
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AlXX>HOL 





17.5 


»«C. 


18«C. 


19»C. 


20" C. 


2l«C. 


8CALE 

■MM » i^^^^StfV 


Per cnnt 


Percnnt 


Percent 


Per cent 


Peroeot 


Percent 


Percent 


Percent 


Percent 


RBADING 


^y 


by 


by 


by 


by 


by 


by 


by 


by 




voliune 


waisht 


volume 


woickt 


volume 


weight 


volume 


weight 


volume 


43.0 


18.87 


15^3 


18.99 


15.^ 


19.23 


15.63 


19.48 


15M 


19.72 


43.1 


18.93 


i5M 


19.05 


15.08 


19.29 


15.68 


19.54 


15.89 


19.79 


43.2 


18.99 


15M 


19.11 


15.53 


19.35 


15.73 


19.60 


15.90 


19.85 


43.3 


19.05 


i5M 


19.17 


15.58 


19.41 


15.78 


19.66 


15J99 


19.91 


43.4 


19.11 


15.53 


19.23 


15.63 


19.47 


15.83 


19.72 


16.00 


19.97 


43.5 


19.17 


15.58 


19.29 


15.68 


19.53 


15M8 


19.79 


16.09 


20.03 


43.6 


19.23 


15.63 


19.35 


15.73 


19.59 


15J93 


19.85 


16.10 


20.09 


43.7 


19.29 


15.68 


19.41 


15.78 


19.65 


15.98 


19.91 


16.19 


2ai5 


43.8 


19.35 


15.73 


19.47 


15.83 


19.72 


16.03 


19.97 


16.20 


20.21 


43.9 


19.40 


15.78 


19.53 


15.88 


19.78 


16j08 


20.03 


16.29 


2a27 


44.0 


19.46 


15.83 


19.59 


15.93 


19.84 


16.13 


2a09 


16J0 


20.34 


44.1 


19.52 


15.88 


19.65 


15J98 


19.90 


16.18 


20.15 


1639 


20.40 


44.2 


19.58 


15.93 


19.71 


16.03 


19.96 


16.23 


20.21 


16.00 


2a46 


44.3 


19.64 


15.98 


19.77 


16.08 


20.02 


16.28 


20.27 


16.09 


2a52 


44.4 


19.70 


16.02 


19.83 


16.13 


20.08 


16.33 


20.33 


16.55 


20.58 


44.6 


19.76 


16.07 


19.89 


16.18 


20.14 


16J8 


20.39 


16.60 


2a64 


44.6 


19.82 


16.12 


19.95 


16.23 


20.20 


16.03 


20.45 


16.65 


20.70 


44.7 


19.88 


16.17 


20.01 


16.27 


20.26 


16.08 


20.52 


16,70 


20.76 


44.8 


19.94 


16.22 


20.07 


16.32 


20.32 


16.53 


20.58 


16.75 


20.82 


44.9 


20.00 


16.27 


20.12 


16.37 


2a38 


16.58 


20.64 


16M 


20.88 


45.0 


20.06 


16J2 


20.18 


16.02 


2a44 


16.63 


2a70 


16.85 


20.95 


45.1 


20.12 


16J37 


20.24 


16.07 


20.50 


16.68 


20.76 


16.90 


21.01 


45.2 


20.18 


16.U1 


20.30 


16.52 


20.56 


16.73 


2a82 


16.95 


21.07 


45.3 


2a24 


16.^£ 


20.36 


16.57 


20.62 


16.78 


2a88 


17.00 


21.13 


45.4 


20.29 


16,51 


2a42 


16.62 


2a68 


18M 


20.94 


17.05 


21.19 


45.5 


20.3$ 


16.56 


2a48 


16M7 


2a74 


i€M 


21.00 


17.10 


21.25 


45.6 


20.41 


16.61 


20.54 


16.72 


2a80 


16.93 


21.06 


17.15 


2L31 


45.7 


20.47 


16.66 


20.60 


16.76 


20.86 


16J98 


21.12 


17.20 


21,37 


45.8 


20.53 


16.71 


20.66 


16.81 


2a92 


17.03 


21.18 


17.25 


21.43 


45.9 


20.59 


16J6 


20.72 


16.86 


2a96 


17.08 


21.24 


17M 


21.49 


46.0 


20.65 


16M 


2a78 


1SJ9i 


21.04 


17.13 


21.30 


17.35 


21.54 


46.1 


20.71 


16.85 


20.83 


16M 


21.10 


17.18 


21.36 


17.00 


21.60 


46.2 


2a76 


16.90 


20.89 


17.01 


21.16 


17.23 


21.42 


17.05 


21.66 


46.3 


2a82 


16.95 


20.95 


17.06 


21.22 


17.28 


21.48 


17.50 


21.72 


46.4 


20.88 


17.00 


21.01 


17.11 


21.28 


17.33 


21.54 


17.55 


21.78 


46.5 


2a94 


17.05 


21.07 


17.16 


21.34 


17.38 


21.60 


17.60 


21.84 


46.6 


21.00 


17.10 


21.13 


17.21 


21.40 


17.03 


21.66 


17.65 


21.90 


46.7 


21.06 


17.15 


21.19 


17.26 


21.46 


17.08 


21.72 


17.70 


21.96 


46.8 


21.12 


17.20 


21.25 


17.31 


21.52 


17.53 


21.78 


17.75 


22.02 


46.9 


21.18 


17.25 


21.31 


17.36 


21.58 


17.58 


21.84 


17.80 


22.09 


47.0 


21.24 


17.30 


21.37 


17.01 


21.64 


17.63 


21.90 


17.85 


22.15 


47.1 


21.30 


17.35 


21.43 


17.06 


21.70 


17.68 


21.96 


17.90 


22.21 


47.2 


21.36 


17.1^ 


21.49 


17.51 


21.76 


17.73 


22.02 


17.95 


22.27 


47.3 


21.42 


17.^ 


21.55 


17.56 


21.82 


17.78 


22.08 


18.01 


22.33 


47.4 


21.48 


17.50 


21.61 


17.61 


21.88 


17.83 


22.15 


18.06 


22.39 


47.5 


21.54 


17.55 


21.67 


17.66 


21.94 


17.88 


22.21 


18.11 


22.45 


47.6 


21.60 


17.60 


21.73 


17.71 


22.00 


17.90 


22.27 


18.16 


22.51 


47,7 


21.66 


17.65 


21.79 


17.76 


22.06 


17.99 


22.33 


18.21 


22.58 


47.8 


21.72 


17.70 


21.85 


17.81 


22.12 


18.00 


22.39 


18.26 


22.64 


47.9 


21.78 


17.75 


21.91 


17.86 


22.18 


18.09 


22.45 


18.31 


22.70 
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8 



21«C. 


22«C. 


23« 


C. 


24« 


C. 


25° 


C. 




Percent 


Peroent 


Percent 


Peroent 


Percent 


Percent 


Percent 


Peroent 


Peroent 


SCALE 


by 


by 


by 


}»y 


by 


by 


by 


by 


by 


NBAOINO 


weight 


volume 


weight 


volume 


weight 


volume 


weight 


volume 


weight 




16M 


19.97 


16.2^ 


20.23 


16.^ 


20.49 


16.67 


20.75 


16.90 


43.0 


16,09 


20.03 


16.30 


20.29 


16.51 


20.55 


16.73 


20.82 


16.95 


43.1 


i6,U 


20.09 


16.35 


20.35 


16.56 


20.61 


16.78 


20.88 


17.00 


43.2 


iSA9 


20.15 


16.fi0 


20.41 


16.61 


20.68 


16.83 


20.94 


17.05 


43.3 


16.2^ 


20.21 


16.^ 


20.47 


16.66 


20.74 


16.88 


21.01 


17.10 


43.4 


16.29 


20.28 


16.50 


20.53 


16.71 


20.80 


16.93 


21.07 


17.16 


43.5 


16J^ 


20.34 


16.55 


20.60 


16.76 


20.86 


16J98 


21.13 


17.21 


43.6 


16M 


20.40 


16.60 


20.66 


16.82 


20.93 


17.0U 


21.19 


17.26 


43.7 


16.^ 


20.46 


16.65 


20.72 


16.87 


20.99 


17.09 


21.25 


17.31 


43.8 


16.50 


20.52 


16.70 


20.78 


16.92 


21.05 


17.U 


2132 


17.36 


43.9 


16^ 


20.58 


16.76 


20.84 


16.97 


21.11 


17.19 


2138 


17.^1 


44.0 


16.60 


20.64 


16.81 


20.90 


17.02 


21.17 


17.2h 


21.44 


17.h7 


44.1 


16.65 


20.71 


16M 


20.96 


17.07 


21.23 


17.29 


21.50 


17.52 


44.2 


16.70 


20.77 


16.91 


21J»2 


17.12 


2130 


17.35 


21.57 


17.57 


44.3 


16.75 


20.83 


16M 


21.09 


17.17 


2136 


17.W 


21.63 


17.62 


44.4 


16.90 


20.89 


17J01 


21.15 


17.22 


21.42 


17.f»5 


21.69 


17.67 


44.5 


16.85 


20.95 


17.06 


21.21 


17.28 


21.48 


17.50 


21.75 


17.73 


44.6 


16J90 


21.01 


17.11 


21.27 


1733 


21.54 


17.55 


21.81 


17.78 


44.7 


16.95 


21.07 


17.16 


21.33 


17.38 


21.60 


17.60 


21.88 


17.83 


44.8 


17.01 


21.13 


17.21 


2139 


i7.li3 


21.67 


17.65 


21.94 


17.88 


44.0 


17J06 


21.19 


17.26 


21.45 


17.ii8 


21.73 


17.71 


22.00 


1733 


45.0 


17.11 


21.25 


1731 


21.52 


17.53 


21.79 


17.76 


22.06 


17.98 


46.1 


17.16 


2131 


17J6 


21.58 


17.58 


21.85 


17.81 


22.13 


18.0U 


45.2 


17.21 


21.37 


17.^1 


21.64 


17.63 


21.91 


17.86 


22.19 


18.09 


45.3 


17.26 


21.43 


17.4^ 


21.70 


17.68 


21.98 


17.91 


22.25 


18.14 


45.4 


17J1 


21.49 


17.51 


21.76 


17.73 


22.04 


17.96 


22.32 


18.20 


45.5 


17M 


21.55 


17M 


21.82 


17.79 


22.10 


18.02 


2238 


18.25 


45.6 


17.l$1 


21.61 


17£1 


21.88 


17.8^ 


22.16 


18.07 


22.45 


1830 


45.7 


17M 


21.67 


17£6 


21.94 


17.89 


22.23 


18.12 


22.51 


18.36 


45.8 


17.51 


21.73 


17J1 


22.01 


17M 


22.29 


18.17 


22.57 


18.^ 


45.0 


17M 


21.79 


17.76 


22.07 


17S9 


22.35 


18.23 


22.64 


18.47 


46.0 


17.61 


21.85 


17J81 


22.13 


18M 


22.42 


18.28 


22.70 


18.52 


46.1 


17j66 


21.91 


17J86 


22.19 


18.09 


22.48 


1833 


22.76 


18.57 


46.2 


17.71 


21.97 


17.91 


22.26 


18.15 


22.54 


1839 


22.83 


18.63 


46.3 


17.76 


22.03 


17M 


2232 


18.20 


22.61 


18.m 


22.89 


18.68 


46.4 


17^1 


22.09 


18J01 


22.38 


18.25 


22.67 


18.^ 


22.96 


18.73 


46.5 


17.86 


22.16 


18J06 


22.44 


18.30 


22.73 


18.55 


23.02 


18.79 


46.6 


17.91 


22.22 


18.11 


22.51 


18J6 


22.80 


18.60 


23.08 


1834 


46.7 


17.96 


22.28 


18.17 


22.57 


18.^1 


22.86 


18.65 


23.15 


1830 


46.8 


18.01 


22.34 


18.22 


22.63 


18.^ 


22.92 


18.70 


23.21 


1835 


46.9 


18.06 


22.41 


18.27 


22.69 


18.51 


22.99 


18.76 


23.28 


19.00 


47.0 


18.11 


22.47 


18.32 


22.76 


18.57 


23.05 


1831 


23.34 


19.05 


47.1 


18.16 


22.53 


18.38 


22.82 


18.62 


23.12 


1836 


23.41 


19.11 


47.2 


18.21 


22.59 


18.^ 


22.88 


18.67 


23.18 


1832 


23.47 


19.16 


47.3 


18.26 


22.66 


18M 


22.94 


18.72 


23.24 


1837 


23.54 


19.22 


47.4 


18.31 


22.72 


18.53 


23.01 


18.78 


23.31 


19.02 


23.60 


19.27 


47.5 


18M 


22.78 


18.58 


23.67 


18.83 


2337 


19.08 


23.67 


1933 


47.6 


18.fi2 


22.84 


18.6/1 


23.13 


18.88 


23.44 


19.13 


23.73 


1938 


47.7 


18.^t7 


22.91 


18.69 


23.20 


18.93 


23.50 


19.18 


23.80 


19.43 


47.8 


18.52 


22.97 


18.7/t 


23.26 


18.99 


23.56 


19.2f$ 


23.86 


19.49 


47.9 
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[XXX 



Alcohol 





17.6 


«C. 


18<»C. 


19« 


C. 


20^C. 


21«C. 


SCALE 


Per oeot 


Pttr o6ot 


Per oont 


Per omt 


Per oont 


Per oent 


Per oent 


Per oont 


Per oent 


KBADING 


?y 


by 


}»y 


by 


!»y 


by 


by 


by 


by 




voloine 


weight 


volame 


weight 


voloine 


weight 


volunie 


weight 


volume 


48.0 


21.84 


17.80 


21.97 


17.91 


22.24 


18.14 


22.51 


18.36 


22.76 


48.1 


21.90 


17.85 


22.03 


17.96 


22.30 


18.19 


22.57 


18.41 


22.82 


48.2 


21.96 


17.90 


22.09 


18.01 


22.36 


18.24 


22.63 


18.46 


22.88 


48.3 


22.02 


17.95 


22.15 


18.06 


22.42 


18.29 


22.69 


18.51 


22.94 


48.4 


22.08 


18.00 


22.21 


18.11 


22.48 


18.34 


22.75 


18.56 


23.01 


48.5 


22.14 


18.05 


22.27 


18.16 


22.54 


18.39 


22.81 


18.61 


23.07 


48.6 


22.20 


18.10 


22.33 


18.21 


22.60 


18.44 


22.87 


18.66 


23.13 


48.7 


22.26 


18.15 


22.39 


18.26 


22.66 


18.49 


22.93 


18.71 


23.19 


48.8 


22.32 


18.20 


22.45 


18.31 


22.72 


18.54 


22.99 


18.76 


23.26 


48.9 


22.38 


18.25 


22.51 


18M 


22.78 


18.59 


23.06 


18.81 


23.32 


49.0 


22.44 


18.30 


22.57 


18.^1 


22.84 


18.64 


23.12 


18.86 


2338 


49.1 


22.50 


18.35 


22.63 


18.^ 


22.90 


18.69 


23.18 


i8J91 


23.44 


49.2 


22.56 


18M 


22.69 


18.51 


22.96 


18.74 


23.24 


18J96 


23.51 


49.3 


22.62 


18.^ 


22.75 


18.56 


23.02 


18.79 


23.30 


19.02 


23.57 


49.4 


22.68 


18.50 


22.81 


18.61 


23.08 


18.84 


23.36 


19.07 


23.63 


49.5 


22.74 


18.55 


22.87 


18.66 


23.15 


18.89 


23.42 


19.12 


23.69 


49.6 


22.80 


i8.eo 


22.93 


18.71 


23.21 


18.94 


23.48 


19.17 


23.76 


49.7 


22.86 


18.65 


22.99 


18.76 


23.27 


18.99 


23.55 


19.22 


23.82 


49.8 


22.92 


18.70 


23.05 


18.81 


23.33 


19.04 


23.61 


19.27 


23.88 


49.9 


22.98 


18.75 


23.11 


18.86 


23.39 


19.09 


23.67 


19.32 


23.94 


60.0 


23.04 


18,80 


23.17 


18.91 


23.48 


f9.14 


23.73 


1928 


24.01 


50.1 


23.10 


18.85 


23.23 


18.96 


23.51 


19.i9 


23.79 


19.43 


24.07 


50.2 


23.16 


18.90 


23.30 


19.02 


23.57 


19.24 


23.85 


i9.48 


24.13 


60.3 


23.22 


18.95 


23.36 


19.07 


23.63 


19.29 


23.91 


19^3 


24.19 


50.4 


23.28 


19.00 


23.42 


19.12 


23.69 


19.35 


23.98 


f9.58 


24.26 


50.5 


23.34 


19.05 


23.48 


19.17 


23.75 


19.40 


24.04 


t9j63 


24.32 


50.6 


23.40 


19.10 


23.S4 


19.22 


23.81 


19.45 


24.10 


19j69 


24.36 


50.7 


23.46 


19.15 


23.60 


19.27 


23.87 


19.50 


34.16 


19.74 


24.45 


50.8 


23.51 


19.20 


23.66 


19.32 


23.93 


19.55 


24.22 


19.79 


24.51 


50.9 


23.57 


19.25 


23.72 


19.37 


23.99 


19.60 


24.28 


19.84 


24.87 


51.0 


23.63 


19.30 


23.78 


19.42 


24.05 


19.65 


24.35 


19M 


24.64 


51.1 


23.69 


19.35 


23.84 


19.47 


24.12 


19.70 


24.41 


19J94 


24.70 


51.2 


23.75 


19.U0 


23.90 


19.52 


24.18 


19.75 


24.47 


20.00 


24.76 


51.3 


23.81 


19.^ 


23.96 


19.57 


24.24 


19.80 


24.53 


20.05 


24.82 


51.4 


23.87 


19.50 


24.02 


19.62 


24.30 


19.85 


24.59 


20.10 


24.89 


51.5 


23.93 


19M 


24.08 


19.67 


24.36 


19M 


24.65 


20.15 


24.96 


51.6 


23.99 


19.00 


24.14 


19.72 


24.42 


19.95 


24.72 


W.20 


25.01 


51.7 


24.05 


19.65 


24.20 


19.77 


24.48 


20.01 


24.78 


30.26 


25.07 


51.8 


24.11 


19.70 


24.26 


19.82 


24.S4 


20.06 


24.84 


20J1 


25.14 


51.9 


24.17 


19.75 


24.32 


19.87 


24.60 


20.11 


24.90 


20.36 


25.20 


52.0 


24.23 


19.80 


24.38 


19.92 


24.66 


20.16 


24.96 


90.41 


25.27 


52.1 


24.30 


19.85 


24.44 


19.97 


24.73 


20.21 


25.03 


W.46 


25.33 


62.2 


24.36 


19.90 


24.50 


20.02 


24.79 


20.26 


25.09 


20.52 


2539 


52.3 


24.42 


19.95 


24.56 


20.07 


24.as 


20.31 


25.15 


20.57 


25.46 


52.4 


24.48 


20.00 


24.62 


20.12 


24.91 


20.37 


25.21 


20.62 


25.52 


52.5 


24.54 


20.05 


24.68 


20.17 


24.97 


20.42 


25.28 


20.67 


25.58 


52.6 


24.60 


20.10 


24.74 


20.22 


25.03 


20.47 


25.34 


20.72 


25.65 


52.7 


24.66 


20.15 


24.80 


20.28 


25.09 


20.52 


25.40 


20.78 


25.71 


52.8 


24.72 


20.20 


24.86 


20.33 


25.15 


20.57 


25.46 


20.83 


25.77 


52.9 


24.78 


20.25 


24.92 


20.38 


25.22 


20.62 


25.53 


20.88 


25.84 
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21«C. 


22* C. 


23* 


C. 


24* 


C. 


26' 


'C. 




Peroont 


Pwcont 


Percent 


Percent ! 


Percent 


Percent 


Percent 


PeroMit 


Percent 


aCALB 


by 


by 


by 


by . 


by 


by 


by 


by 


by 




weight 


volume 


weight 


voluoie 1 

1 


weight 


volume 


weight 


volume 


weight 




18.57 


23.03 


18.79 


23.32 


19.04 


23.63 


19.29 


23.93 


19.54 


48.0 


i8M2 


23.09 


18.84 


23.39 


19.09 


23.69 


19M 


23.99 


19.60 


48.1 


18.67 


23.16 


18.90 


23.45 


19.14 


23.76 


19.40 


24.06 


19.65 


48.2 


18.72 


23.22 


18.95 


23.52 


19.20 


23.83 


19.45 


24.13 


19.71 


48.3 


18.77 


23.28 


19.00 


23.58 


19.25 


23.89 


19.50 


24.19 


19.76 


48.4 


18.83 


23.35 


19.06 


23.64 


19.31 


23.96 


19.56 


24.26 


19.82 


48.5 


18.88 


23.41 


19.11 


23.71 


1936 


24.02 


19.61 


24.32 


19.87 


48.6 


18.93 


23.47 


19.16 


23.77 


19.41 


24.08 


19.67 


24.39 


19.92 


48.7 


18.98 


23.54 


19.21 


23.83 


19.47 


24.14 


19.72 


24.45 


19.98 


48.8 


19.03 


23.60 


19.27 


23.90 


19.52 


24.21 


19.77 


24.52 


20.03 


48.9 


1^.08 


23.66 


19.32 


23.96 


19.57 


24.27 


19.83 


24.59 


20.09 


49.0 


19.U 


23.73 


19.37 


24.03 


19.63 


24.34 


19.88 


24.65 


20.15 


49.1 


19.19 


23.79 


19.43 


24.09 


19.68 


24.40 


19.94 


24.72 


20.20 


49.2 


19.2^ 


23.85 


19.48 


24.15 


19.73 


24.47 


19.99 


24.78 


20.26 


49.3 


19.29 


23.92 


19.54 


24.22 


19.79 


24.53 


20.04 


24.85 


2031 


49.4 


19.35 


23.98 


19.59 


24.28 


19.84 


24.60 


20.10 


24.91 


20.37 


49.5 


19.W 


24.04 


19.64 


24.35 


19.89 


24.66 


20.15 


24.96 


20.42 


49.6 


19.^ 


24.11 


19.70 


24.41 


19.95 


24.73 


20.21 


25.05 


20.48 


49.7 


19.51 


24.17 


19.75 


24.48 


20.00 


24.79 


20.27 


25.11 


20.54 


49.8 


19.56 


24.24 


19.80 


24.54 


20.05 


24.86 


20.32 


25.18 


20.59 


49.9 


19.61 


24.30 


19.86 


24.61 


20.11 


24.92 


20.38 


25.25 


20.65 


50.0 


19.66 


24.37 


19.91 


24.67 


20.16 


24.99 


20.43 


25.31 


20.70 


50.1 . 


19.72 


24.43 


19.96 


24.74 


20.22 


25.05 


20.49 


25.38 


20.76 


50.2 


19.77 


24.49 


20.02 


24.80 


20.27 


25.12 


20.54 


251,45 


20.82 


50.3 


19.82 


24.56 


20.07 


24.86 


20J3 


25.18 


20.60 


25.51 


20.87 


50.4 


19.87 


24.62 


20.12 


24.93 


2038 


25.25 


20.65 


25.58 


20S3 


50.5 


19.93 


24.69 


20.18 


24.99 


20.44 


25.32 


20.71 


25.65 


20.98 


50.6 


19.98 


24.75 


20.23 


25.06 


20.49 


25.38 


20.76 


25.71 


21.04 


50.7 


2Q.03 


24.81 


20.29 


25.12 


20.55 


25.45 


20.82 


25.78 


21.10 


50.8 


20.08 


24.88 


20.34 


25.19 


20.60 


25.51 


20.87 


25.85 


21.15 


50.9 


20.14 


24.94 


20J9 


25.25 


20.66 


25.58 


20.93 


25.91 


21.21 


51.0 


20.19 


25.01 


20.45 


25.32 


20.71 


25.64 


20.98 


25.96 


21.27 


51.1 


20.24 


25.07 


20.50 


25.38 


20.77 


25.71 


21.04 


26.05 


21.32 


51.2 


20.30 


25.13 


20.55 


25.45 


20.82 


25.78 


21.09 


26.11 


21.38 


51.3 


29.35 


25.20 


20.61 


25.51 


20.87 


25.84 


21.15 


26.18 


21.44 


51.4 


20.40 


25.26 


20.66 


25.58 


20.93 


25.91 


21.21 


26.25 


21.49 


51.6 


20.46 


25.33 


20.72 


25.64 


20.98 


25.97 


21.26 


26.32 


21.55 


51.6 


20.51 


25.39 


20.77 


25.71 


21.04 


26.04 


21.32 


26.39 


21.61 


51.7 


20.56 


25.46 


20.82 


25.77 


21.09 


26.11 


21.37 


26.45 


21.66 


51.8 


20.61 


25.52 


2(K98 


25.84 


21.15 


26.17 


21.43 


26.52 


21.72 


51.9 


20.67 


25.58 


20.93 


25.90 


21.20 


26.24 


21.49 


26.59 


21.78 


52.0 


20.72 


25.65 


20.98 


25.97 


21.26 


26.31 


21.54 


26.66 


21.83 


52.1 


20.77 


25.71 


21.04 


26.03 


21.31 


26.37 


21.60 


26.72 


21.89 


52.2 


20.83 


25.78 


2i.09 


26.10 


21.37 


26.44 


21.65 


26.79 


21.95 


52-3 


20.88 


25.84 


21.15 


26.16 


21.42 


26.51 


21.71 


26.86 


22.01 


52.4 


20.93. 


25.90 


21.20 


26.23 


21.48 


26.57 


21.77 


26.93 


22.06 


52.5 


20.98 


25.97 


21.26 


26.29 


21.53 


26.64 


21.82 


26.99 


22.12 


52.6 


21.04 


26.03 


21.31 


26.36 


21.59 


26.71 


21.88 


27.06 


22.18 


52.7 


21.09 


26.10 


21.36 


26.42 


21.64 


26.77 


21.93 


27.13 


22.24 


52.8 


21.15 


26.16 


21.42 


26.49 


21.70 


26.84 


21J99 


27.20 


22.29 


52.9 
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pcxx 



Aloobol 





17.C 


.•C. 


18«C. 


1»*C. 


aopc. 


21* C. 


8CALB 


Per cent 


Per cent 


Per cent 


Par cent 


Par cent 


Percent 


Per cent 


Percent 


Par cent 


RBADINO 


by 


by 


\^ 


by 


by 


by 


by 


by 


by 




volume 


weight 


volume 


weiffht 


volume 


weight 


volume 


weight 


volume 


53.0 


24.84 


W.30 


24.98 


20.45 


25.28 


20.68 


25.59 


20.93 


25.90 


53.1 


24.90 


20,36 


25.04 


20./i8 


25.34 


20.73 


25.65 


20.98 


25.96 


53.2 


24.96 


20M 


25.10 


20.53 


25.40 


20.78 


25.71 


21.04 


26.03 


53.3 


25.02 


WM 


25.16 


20,58 


25.46 


20.83 


25.77 


21.09 


26.09 


53.4 


25.08 


20,51 


25.23 


20,63 


25.52 


20.88 


25.84 


21.14 


26.15 


53.5 


25.14 


20.56 


25.29 


20.68 


25.59 


20.93 


25.90 


21.20 


26.22 


53.6 


25.20 


20,6i 


25.35 


20,7/9 


25.65 


20.98 


25.96 


21.25 


26.28 


53.7 


2SM 


20,66 


25.41 


20.79 


25.71 


21.0^ 


26.03 


21.30 


26.35 


53.8 


2SM 


20.71 


25.47 


20.8^ 


25.77 


21.09 


26.09 


21.36 


26.41 


53.9 


25.38 


20,76 


25.53 


20.89 


25.83 


21.U 


26.15 


21.41 


26.47 


54.0 


25.44 


20.81 


25.59 


20.9^ 


25.90 


21.19 


26.22 


21.47 


26.54 


54.1 


25.50 


20,86 


25.65 


20,99 


25.96 


21.25 


26.28 


21,52 


26.60 


54.2 


25.56 


20M 


25.71 


21.0^ 


26.02 


21.30 


26.34 


21,57 


26.67 


54.3 


25.62 


20,96 


25.77 


21.09 


26.08 


21,35 


26.41 


21.63 


26.73 


54.4 


25.68 


21,02 


25.84 


21. U 


26.14 


21,^/0 


26.47 


21,68 


26.79 


54.6 


25.75 


21,07 


25.90 


21.20 


26.20 


21.U6 


26.53 


21,73 


26.86 


54.6 


25.81 


21,12 


25.96 


21.25 


26.27 


21,51 


26.59 


21,79 


26.92 


54.7 


25.87 


21.17 


26.02 


21,30 


26.33 


21.56 


26.66 


21M 


26.99 


54.8 


25.93 


21,22 


26.08 


21,35 


26.39 


21.62 


26.72 


21,90 


27.05 


54.9 


25.99 


21,27 


26.14 


21,W 


26.45 


21.67 


26.78 


21.95 


27.11 


56.0 


26.05 


21,32 


26.20 


21./t5 


26.52 


21.72 


26.85 


22.00 


27.18 


55.1 


26.11 


21.37 


26.26 


21.51 


26.58 


21.77 


26.91 


22,05 


27.24 


55.2 


26.17 


21,U3 


26.32 


21.56 


26.64 


21.83 


26.97 


22.11 


27.31 


55.3 


26.23 


21.^ 


26.38 


21,61 


26.70 


21.88 


27.04 


22,16 


27.37 


55.4 


26.29 


21.53 


26.45 


21,66 


26.76 


21.93 


27.10 


22.21 


27.43 


55.5 


26.35 


21,58 


26.51 


21.71 


26.83 


21.98 


27.16 


22.26 


27.49 


56.6 


26.41 


21.63 


26.57 


21.76 


26.89 


22.0^ 


27.23 


22.32 


27.55^ 


55.7 


26.47 


21.68 


26.63 


21.81 


26.95 


22.09 


27.29 


22.37 


27.62 


55.8 


26.53 


21.73 


26.69 


21,87 


27.01 


22.1 /i 


27.35 


22.42 


27.69 


56.9 


26.59 


21.79 


26.75 


21,92 


27.07 


22.19 


27.41 


22.48 


27.75 


56.0 


26.65 


21.8^ 


26.81 


21.97 


27.14 


22.24 


27.48 


22,53 


27.82 


56.1 


26.72 


21,89 


26.87 


22.02 


27.20 


22J0 


27.54 


22,58 


27.88 


56.2 


26.78 


21.9^ 


26.93 


22.07 


27.26 


22.35 


27.60 


22.64 


27.94 


56.3 


26.84 


21.99 


26.99 


22.12 


27.32 


22.W 


27.66 


22.69 


2&01 


56.4 


26.90 


22.0^ 


27.05 


22.18 


27.38 


22.^ 


27.73 


22.74 


2&07 


56.5 


26.96 


22.09 


27.12 


22,23 


27.44 


22.50 


27.79 


22.79 


2&14 


56.6 


27.02 


22.U 


27.18 


22,28 


27.51 


22.56 


27.85 


22.85 


2&20 


56.7 


27.08 


22.19 


27.24 


22J3 


27.57 


22,61 


27.91 


22M 


28.26 


56.8 


27.14 


22.25 


27.30 


22J8 


27.63 


22.66 


27.98 


22.95 


28.33 


56.9 


27.20 


22J0 


27.36 


22,^ 


27.69 


22.71 


28.04 


23.01 


28.39 


57.0 


27.26 


22J5 


27.42 


22.^ 


27.75 


29.77 


28.10 


23.06 


28.46 


67.1 


27.32 


22.W 


27.48 


22,5^ 


27.81 


22.82 


28.16 


23.11 


28.52 


57.2 


27.38 


22.l$5 


27.54 


22.59 


27.88 


22,87 


28.23 


23.17 


28.59 


57.3 


27.44 


22.50 


27.60 


22M 


27.94 


22,92 


28.29 


23.22 


28.65 


57.4 


27.50 


22,55 


27.66 


22.69 


2&00 


22.97 


28.35 


23.27 


128.72 


57.5 


27.56 


22.61 


27.73 


22.7/i 


28.06 


23.03 


28.42 


23J3 


28.78 


57.6 


27.62 


22.66 


27.79 


22,79 


2&13 


23.08 


28.48 


23,38 


28.85 


57.7 


27.68 


22.71 


27.85 


22.85 


2&19 


23.13 


28.54 


23.43 


28.91 


57.8 


27.75 


22.76 


27.91 


22.90 


28.25 


23.19 


2&60 


23.49 


2a97 


57.9 


27.81 


22,81 


27.97 


22.95 


28.31 


23.24 


28.67 


23.54 


29.04 
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21»C. 


22«C. 


28* C. 


24" 


•c. 


25« 


C. 




Par cent 


Percent 


Pinr oeot 


Per oent 


Per oent 


P^oent 


P^oent 


Percent 


Per oent 


BCAIM 


by 


by 


^ 


by 


by 


by 


•?T 


J»y 


by 




weight 


volome 






weight 






volume 


wdght 




?i.20 


26.23 


21.^7 


26.56 


21.75 


26.91 


22.05 


27.27 


22.35 


53.0 


21,25 


26.29 


21.53 


26.62 


21.81 


26.97 


22.10 


27.33 


22.^1 


53.1 


21.31 


26.35 


21.58 


26.69 


21.86 


27.04 


22.16 


27.40 


22.($7 


53.2 


21.36 


26.42 


21.61$ 


26.75 


21S2 


27.11 


22.22 


27.47 


22J52 


53.3 


21.^2 


26.48 


21.69 


26.82 


21J97 


27.17 


22.27 


27.54 


22Ji8 


53.4 


21.^7 


26.55 


21.7U 


26.88 


22M 


27.24 


22J3 


27.61 


22M 


53.5 


21.52 


26.61 


21M 


26.95 


22.08 


27.31 


22J9 


27.67 


22.70 


53.6 


21.58 


26.68 


21.85 


27.01 


22.11$ 


27.38 


22.H 


27.74 


22.75 


63.7 


21.63 


26.74 


21.91 


27.06 


22.20 


27.44 


22.50 


27.81 


22M 


53.8 


21.69 


26.81 


21M 


27.15 


22.25 


27.51 


22.56 


27.88 


22.87 


53.9 


21.7i$ 


26.87 


22.02 


27.21 


22J1 


27.58 


22.61 


27.95 


22S3 


54.0 


21.79 


26.94 


22.07 


27.28 


22.37 


27.64 


22.67 


28.01 


22.98 


54.1 


21.85 


27.00 


22.13 


27.35 


22.^2 


27.71 


22.73 


2&08 


23.0i 


54.2 


21M 


27.07 


22.18 


27.41 


22.^ 


27.78 


22.78 


2&15 


23.10 


54.3 


21M 


27.13 


22.2f$ 


27.48 


22.53 


27.85 


22M 


28.22 


23.16 


54.4 


22.01 


27.20 


22.29 


27.55 


22.59 


27.91 


22.90 


2&29 


23.22 


54.5 


22.06 


27.26 


22J5 


27.61 


22.65 


27.96 


22.95 


28.36 


23.27 


54.6 


22.12 


27.33 


22.^ 


27.68 


22.70 


28.05 


23.01 


28.43 


23.33 


54.7 


22.17 


27.39 


22.^ 


27.75 


22.76 


28.11 


23.07 


28.49 


23J9 


54.8 


22.23 


27.46 


22.51 


27.81 


22M1 


28.18 


23.13 


28.56 


2J.45 


54.9 


22.28 


27.52 


2237 


27.88 


22.87 


28.25 


23.18 


28.63 


23.51 


55.0 


22.33 


27.59 


22.63 


27.95 


22.93 


28.32 


23.21$ 


28.70 


23.56 


55.1 


22.39 


27.65 


22.68 


28.01 


22M 


2&38 


23.30 


28.77 


23.62 


55.2 


22M 


27.72 


22.71$ 


28.06 


23.0^ 


2&45 


23J5 


28.84 


23.68 


55.3 


22.^ 


27.78 


22.79 


28.15 


23.10 


28.52 


23.^1 


2&90 


2Z.7t$ 


55.4 


22.55 


27.85 


22M 


28.21 


23.15 


28.58 


23.^7 


2&97 


23.80 


55.5 


22.60 


27.92 


22.90 


2&28 


23.21 


28.65 


23.53 


29.04 


23,86 


55.6 


22.66 


27.98 


22M 


28.34 


23.26 


28.72 


23.58 


29.11 


23.91 


65.7 


22.71 


28.05 


23.01 


28.41 


23.32 


28.78 


23.61$ 


29.18 


23.97 


55.8 


22.76 


28.11 


23.07 


2&48 


23.38 


28.85 


23.70 


29.24 


2^.03 


55.9 


22.82 


28.18 


23.12 


28.54 


23.^ 


28.92 


23.75 


29.31 


V$.09 


56.0 


22.87 


28.24 


23.18 


28.61 


23.^ 


28.99 


23.81 


29.38 


2/$.U 


56.1 


22.92 


2831 


23.23 


28.66 


23.51$ 


29.05 


23.87 


29.45 


2^.20 


56.2 


22.98 


2&37 


23.29 


28.74 


23.60 


29.12 


23.93 


29.52 


2A.26 


56.3 


23.03 


28.44 


23M 


28.81 


23.66 


29.19 


23.98 


29.58 


2^.32 


56.4 


23.09 


28.50 


23.W 


2&87 


23.71 


29.26 


2l$.0l$ 


29.65 


2^J8 


56.5 


23.U 


28.56 


23.1$5 


28.94 


23.77 


29.32 


U.10 


29.72 


2^.^ 


56.6 


23.20 


28.63 


23.51 


29.01 


23.83 


29.39 


2U.15 


29.79 


24.49 


56.7 


23.25 


2&69 


23.56 


29.07 


23.88 


29.46 


2/$.21 


29.86 


24.55 


56.8 


23J1 


2&76 


23.62 


29.14 


23J9l$ 


29.53 


2^.27 


29.93 


24.^1 


56.9 


23.36 


2&82 


23.67 


29.20 


23.99 


29.59 


2UJ2 


29.99 


24.^^ 


57.0 


23.^2 


28.89 


23.73 


29.27 


2U.05 


29.66 


2t$M 


30.06 


24.72 


57.1 


23.U7 


2&95 


23.78 


29.34 


2l$.11 


29.73 


2l$.M 


30.13 


24.7« 


57.2 


23.52 


29.02 


23.81$ 


29.40 


2^.16 


29.80 


24.49 


30.20 


24.^4 


57.3 


23.58 


29.06 


23.90 


29.47 


2l$.22 


29.86 


2f$.55 


30.27 


24.^ 


57.4 


23.63 


29.15 


23.95 


29.53 


2^.27 


29.93 


2U.61 


30.34 


24.95 


57.5 


23.69 


29.21 


2^.01 


29.60 


2U.33 


30.00 


2U.66 


30.41 


25.01 


57.6 


23.71$ 


29.28 


2^.06 


29.66 


2^.39 


30.07 


2l$.72 


30.48 


25.07 


57.7 


23.80 


29.34 


2^.12 


29.73 


2^.l$l$ 


30.14 


2U8 


30.55 


25.13 


57.8 


23.85 


29.41 


2^.17 


29.80 


2^.50 


30.20 


2i$.83 


30.62 


25.19 


57.9 
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A.LCOHOL 




17.i 


;•€. 


18« 


C. 


19* 


•C. 


20* 


•c. 


21«C. 


8CALB 


Per cent 


Peroent 


FerooDt 


Per oent 


Per oeot 


Per oeot 


Per oont 


Per oent 


Per ooot 


lUBADlfiO 


^ 


by 


J^y 


by 


by 


by 


by 


by 


by 




voliune 


weight 


volume 


weight 


volnme 


weight 


volume 


weight 


VOIUOM 


58.0 


27.87 


22.86 


28.03 


23.00 


2&38 


23.29 


28.73 


23.59 


29.10 


58.1 


27.M 


22,91 


28.09 


23.05 


28.44 


23.34 


28.79 


23.65 


29.17 


58.2 


27.99 


22.96 


28.15 


23.10 


28.50 


23.40 


28.86 


23.70 


29.23 


58.3 


28.05 


23.02 


28.21 


23.16 


28.56 


23.45 


28.92 


23.75 


29.29 


58.4 


28.11 


23.07 


2&28 


23.21 


2&62 


23.50 


2&98 


23M 


29.36 


58.5 


28.17 


23A2 


28.34 


23.26 


28.69 


23.56 


29.04 


23.86 


29.42 


58.6 


28.23 


23.17 


28.40 


23.31 


28.75 


23.61 


29.11 


23.91 


29.48 


58.7 


28.29 


23.22 


28.46 


23.36 


28.81 


23.66 


29.17 


23.97 


29.55 


58.8 


28.35 


23.27 


28.52 


23.41 


28.88 


23.71 


29.23 


24.02 


29.61 


58.9 


2&41 


23.32 


28.58 


23.47 


28.94 


23.77 


29.30 


24.08 


29.68 


59.0 


28.47 


23.37 


28.64 


93.52 


29.00 


23.82 


29.36 


24.13 


29.74 


59.1 


28.53 


23.43 


28.71 


23.57 


29.06 


23.87 


29.42 


24.18 


29.80 


59.2 


28.59 


23.^ 


28.77 


23.62 


29.12 


23.93 


29.49 


24.24 


29.87 


59.3 


28.65 


23.53 


28.83 


23.67 


29.19 


23.98 


29.55 


24.29 


29.93 


69.4 


28.71 


23.58 


28.89 


28.73 


29.25 


24.03 


29.61 


24.34 


29.99 


59.5 


28.78 


23.63 


28.9S 


23.78 


29.31 


24.08 


29.68 


24.40 


30.06 


59.6 


28.84 


23.68 


29.01 


23.83 


29.37 


24.14 


29.74 


24.45 


30.13 


59.7 


28.90 


23.73 


29.07 


23.88 


29.43 


24.19 


29.80 


24.50 


30.19 


59.8 


28.96 


23.79 


29.13 


23.93 


29.50 


24.24 


29.87 


24.56 


30.26 


59.9 


29.02 


23.8it 


29.20 


23.98 


29.56 


24.30 


29.93 


24.61 


30.32 


60.0 


29.08 


23.89 


29.26 


24.04 


29.62 


24.35 


29.99 


24.67 


30.39 


60.1 


29.14 


23.9li 


29.32 


24.09 


29.68 


24.40 


30.06 


24.72 


30.45 


60.2 


29.20 


23.99 


29.38 


24.14 


29.74 


24.46 


30.12 


24.77 


30.52 


60.3 


29.26 


2^.0^ 


29.44 


24.19 


29.81 


24.51 


30.19 


24.83 


30.59 


60.4 


29.32 


2^.10 


29.50 


24.25 


29.87 


24.5S 


30.25 


24.88 


30.65 


60.5 


29.38 


2/i.15 


29.56 


24.30 


29.93 


24.61 


30.32 


24.94 


30.72 


60.6 


29.45 


2^.20 


29.63 


24.35 


29.99 


24.67 


30.38 


24.99 


30.78 


60.7 


29.51 


2^.25 


29.69 


24.40 


30.06 


24.72 


30.45 


25.04 


30.85 


60.8 


29.57 


2^.30 


29.75 


24.46 


30.12 


24.77 


30.51 


25.10 


30.91 


60.9 


29.63 


2^5 


29.81 


24.51 


30.18 


24.83 


30.57 


25.16 


30.98 


61.0 


29.69 


2^.^1 


29.87 


24.66 


30.25 


24.88 


30.64 


25.21 


31.05 


61.1 


29.75 


2U.m 


29.93 


24.61 


30.31 


24.93 


30.70 


25.27 


31.11 


61.2 


29.81 


2^.51 


29.99 


24.66 


30.38 


24J98 


30.77 


25J2 


31.18 


61.3 


29.87 


2^.56 


30.06 


24.72 


30.44 


25.04 


30.83 


25.38 


31.25 


61.4 


29.93 


2^.61 


30.12 


24.77 


30.50 


25.09 


30.90 


25.44 


31.32 


61.5 


29.99 


2^.67 


30.18 


24.82 


30.57 


25.15 


30.96 


25.49 


31.39 


61.6 


30.06 


2t$.72 


30.25 


24.87 


30.63 


26.20 


31.03 


25.55 


31.45 


61.7 


30.12 


2U7 


30.31 


24.93 


30.69 


26.26 


31.09 


25.60 


31.52 


61.8 


30.18 


2^.82 


30.37 


24.98 


30.76 


26.31 


31.16 


25.66 


31.59 


61.9 


30.25 


2^.88 


30.44 


25.03 


30.82 


25.37 


31.23 


25J1 


31.66 


62.0 


30.31 


2^.93 


30.50 


25.09 


30.89 


25.43 


31.29 


26.77 


31.72 


62.1 


30.37 


24.98 


30.56 


25.14 


30.95 


25.48 


31.36 


25.83 


31.79 


62.2 


30.43 


25.03 


30.63 


25.20 


31.01 


25.54 


31.43 


25.88 


31.86 


62.3 


30.50 


25.09 


30.69 


25.25 


31.08 


25.59 


31.49 


25.94 


31.93 


62.4 


30.56 


25.U 


30.75 


25.31 


31.14 


25.65 


31.56 


25.99 


31.99 


62.5 


30.62 


25.20 


30.82 


25.36 


31.21 


25.70 


31.63 


26.05 


32.06 


62.6 


30.69 


25.25 


30.88 


25.42 


31.28 


25.76 


31.69 


26.11 


32.13 


62.7 


30.75 


25.31 


30.94 


25.47 


31.34 


25.81 


31.76 


26.17 


32.20 


62.8 


30.81 


25.36 


31.01 


25.53 


31.41 


25.87 


31.83 


26.23 


32.27 


62.9 


30.87 


25.42 


31.07 


25.58 


31.47 


25.92 


31.89 


26.29 


32.34 
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21«C. 


2rc. 


23« 


C. 


24' 


•c. 


25" 


C. 




Per cent 


Percent 


Percent 


Percent 


Percent 


Percent 


Percent 


Pwoent 


Percent 


aCALB 


by 


by 


by 


!»y 


by 


by 


by 


by 


by 


RBADINO 


weight 


volume 


weight 


volume 


weight 


volume 


weight 


volume 1 


weight 




23^ 


29.47 


24.23 


29.87 


24.55 


30.27 


24.89 


30.69 


25.25 


58.0 


23M 


29.54 


24.28 


29.93 


24.61 


30.34 


24.95 


30.76 


25.31 


58.1 


UM 


29.60 


24J4 


29.99 


24.66 


30.41 


25.01 


30.83 


25.37 


58.2 


2^.07 


29.67 


24.39 


30.06 


24.72 


30.48 


25.07 


30.90 


25.43 


58.3 


2U3 


29.73 


24.45 


30.13 


24.78 


30.54 


25.13 


30.97 

• 


25.49 


58.4 


24JS 


29.80 


24.50 


30.20 


24.83 


30.61 


25.18 


31.04 


26.55 


58.5 


2^,23 


29.86 


24.56 


30.26 


24.89 


30.68 


25.23 


31.11 


25.61 


58.6 


2^,29 


29.93 


24.61 


30.33 


24.94 


30.75 


25.29 


31.18 


25.67 


58.7 


2^M 


29.99 


24.67 


30.40 


25.00 


30.82 


25.35 


31.25 


25.73 


58.8 


2^iM 


30.06 


24.72 


30.47 


25.06 


30.88 


25.41 


31.32 


25.80 


58.9 


2^M 


30.13 


24.78 


30.53 


25.12 


30.95 


25.47 


31.40 


25.86 


59.0 


2^.51 


30.19 


24.83 


30.60 


25.18 


31.02 


25.53 


31.47 


25.92 


59.1 


24.56 


30.26 


24.89 


30.67 


25.24 


31.09 


25.59 


31.54 


25.98 


59.2 


24.61 


30.33 


24.95 


30.74 


25.30 


31.16 


25.65 


31.61 


26.04 


59.3 


24.67 


30.39 


25.00 


30.81 


25.36 


31.23 


25.71 


31.68 


26.10 


59.4 


24.72 


30.46 


25.06 


30.87 


25.41 


31.30 


25.77 


31.76 


26.16 


59.5 


24.78 


30.53 


25.11 


30.94 


25.47 


31.38 


25.83 


31.83 


26.23 


59.6 


24.83 


30.59 


25.17 


31.01 


25.53 


31.45 


25.89 


31.90 


26.29 


59.7 


24.89 


30.66 


25.23 


31.08 


25.59 


31.52 


25.95 


31.97 


26.35 


59.8 


24J94 


30.73 


25.29 


31.15 


25.65 


31.59 


26.02 


32.04 


26.42 


59.9 


24.99 


30.79 


25.34 


31.22 


25.71 


31.66 


26.08 


32.12 


26.48 


60.0 


25.05 


30.86 


25.40 


31.29 


25.77 


31.73 


26.14 


32.19 


26.54 


60.1 


2^.ii 


30.93 


25.46 


31.36 


25.83 


31.80 


26.20 


32.27 


26.61 


60.2 


25.16 


30.99 


25.52 


31.43 


25.89 


31.87 


26.27 


32.34 


26.67 


60.3 


25.22 


31.06 


25.57 


31.50 


25.95 


31.94 


26.33 


32.41 


26.73 


60.4 


25.28 


31.13 


25.63 


31.57 


26.01 


32.02 


26.39 


32.49 


26.80 


60.5 


25.34 


31.20 


25.69 


31.64 


26.07 


32.09 


26.45 


32.56 


26.86 


60.6 


25.39 


31.27 


25.75 


31.71 


26.13 


32.16 


26.52 


32.64 


26.92 


60.7 


25.45 


31.33 


25.80 


31.78 


26.19 


32.23 


26.58 


32.71 


26.99 


60.8 


25.51 


31.40 


25.86 


31.85 


26.25 


32.30 


26.64 


32.78 


27.05 


60.9 


25M 


31.47 


25.92 


31.92 


26.31 


32.38 


26.70 


32.86 


27.12 


61.0 


25.62 


31.54 


25.98 


31.99 


26.37 


32.45 


26.76 


32.93 


27.18 


61.1 


25.68 


31.61 


26.04 


32.06 


26.43 


32.52 


26.83 


33.01 


27.24 


61.2 


25.73 


31.67 


26.10 


32.13 


26.49 


32.59 


26.89 


33.08 


27.31 


61.3 


25J9 


31.74 


26.16 


32.20 


26.55 


32.67 


26.95 


33.16 


27.37 


61.4 


25.85 


31.81 


26.22 


32.27 


26.61 


32.74 


27.01 


33.23 


27.44 


61.5 


25.90 


31.88 


26.28 


32.34 


26.67 


32.81 


27.08 


33.31 


27.50 


61.6 


25.96 


31.95 


26.34 


32.41 


27.73 


32.88 


27.14 


33.38 


27.56 


61.7 


26.02 


32.01 


26M 


32.49 


26.79 


32.96 


27.20 


33.46 


27,63 


61.8 


26.08 


32.09 


26M 


32.56 


26.85 


33.03 


27.27 


33.53 


27.69 


61.9 


26.14 


32.16 


26.51 


32.63 


26.92 


33.10 


27.33 


33.60 


27.76 


62.0 


26.20 


32.23 


26.57 


32.70 


26.98 


33.18 


27.39 


33.68 


27.82 


62.1 


26.25 


32.30 


26.63 


32.77 


27.04 


33.25 


27.46 


33.75 


27.88 


62.2 


26.31 


32.37 


26.69 


32.84 


27.10 


33.33 


27.52 


33.83 


27.95 


62.3 


26.37 


32.44 


26.75 


32.91 


27.16 


33.40 


27.58 


33.90 


28.01 


62.4 


26.43 


32.51 


26.81 


32.99 


27.23 


33.47 


27.65 


33.98 


28.08 


62.5 


26.49 


32.58 


26.87 


33.06 


27.29 


33.55 


27.71 


34.05 


28.15 


62.6 


26.55 


32.65 


26.93 


33.13 


27.35 


33.62 


27.77 


34.13 


28.22 


62.7 


26.61 


32.72 


26.99 


33.20 


27.41 


33.70 


27.84 


34.21 


28.28 


62.8 


26.67 


32.79 


27.06 


33.28 


27.48 


33.77 


27.90 


34.29 


28.35 


62.9 
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[XXX 
Alcohol 





17.« 


•c. 


lff»C. 


19« 


C. 


20* C. 


21* C. 


8CALB 


Pwoent 


Percent 


Per cent 


Percent 


Per cent 


Percent 


Per cent 


Per cent 


Per cent 


llfS\D1FrO 


by 


by 


by 


by 


by 


^y 


by 


by 


by 




vohime 


wfdlgfat 


volume 


weight 


Tohime 


weight 


Yolone 


Wright 


vohune 


63.0 


30.94 


25.^7 


31.14 


25.6/i 


31.54 


25.98 


31.96 


26.35 


32.41 


63.1 


31.00 


25.52 


31.20 


25.69 


31.61 


26.03 


32.03 


26.^1 


32.48 


63.2 


31.06 


25,58 


31.26 


25.75 


31.67 


26.09 


32.10 


26.^ 


32.55 


63.3 


31.13 


25,63 


31.33 


25.80 


31.74 


26.15 


32.17 


26.52 


32.62 


63.4 


31.19 


25.69 


31.39 


25.86 


31.80 


26.21 


32.23 


26.58 


32.69 


63.5 


31.26 


25.7^ 


31.46 


25.91 


31.87 


26.26 


32.30 


26.6/r 


32.76 


63.6 


31.32 


25.80 


31.52 


25.97 


31.93 


26.32 


32.37 


26.70 


32.83 


63.7 


31.38 


25.85 


31.59 


26.02 


32.00 


26.38 


32.44 


26.76 


32.90 


63.8 


31.45 


25.91 


31.65 


26.08 


32.07 


26.^^ 


32.51 


26.82 


32.97 


63.9 


31.51 


25.96 


31.72 


26.13 


32.13 


26./i9 


32.58 


26.88 


33.04 


64.0 


31.58 


26.02 


31.78 


26.19 


32.20 


26.55 


32.65 


26.9^ 


33.11 


64.1 


31.64 


26.07 


31.85 


26.25 


32.27 


26.61 


32.72 


26.99 


33.18 


64.2 


31.70 


26.13 


31.91 


26.30 


32.34 


26.67 


32.79 


27.05 


33.25 


64.3 


31.77 


26.18 


31.97 


26J6 


32.40 


26.72 


32.86 


27.11 


33.32 


64.4 


31.83 


26M 


32.04 


26.^1 


32.47 


26.78 


32.92 


27.17 


33.39 


64.5 


31.90 


26.^ 


32.11 


26.^7 


32.54 


26.8^ 


32.99 


27.23 


33.46 


64.6 


31.96 


26,35 


32.17 


26.53 


32.60 


26.90 


33.06 


27.29 


33.53 


64.7 


32.03 


26.¥> 


32.24 


26.58 


32.67 


26M 


33.13 


27.35 


33.60 


64.8 


32.09 


2e.U6 


32.30 


26.6^ 


32.74 


27.01 


33.20 


27.li1 


33.67 


64.9 


32.16 


26.51 


32.37 


26.69 


32.81 


27.07 


33.27 


27.^7 


33.74 


65.0 


32.22 


26.57 


32.43 


26.75 


32.87 


27.13 


33.34 


27.53 


33.82 


65.1 


32.29 


26.63 


32.50 


26.80 


32.94 


27.19 


33.41 


27.59 


33.89 


65.2 


32.35 


26.68 


32.57 


26.86 


33.01 


27.25 


33.48 


27.65 


33.96 


65.3 


32.42 


26.7/9 


32.63 


26.92 


33.08 


27J1 


33.55 


27.71 


34.03 


65.4 


32.48 


26.79 


32.70 


26.97 


33.15 


27.37 


33.62 


27.77 


34.10 


65.6 


32.55 


26.85 


32.76 


27.03 


33.22 


27.i3 


33.69 


27.83 


34.18 


65.6 


32.61 


26,90 


32.83 


27.09 


33.28 


27.1^ 


33.76 


27.89 


34.25 


65.7 


32.68 


29.96 


32.89 


27.15 


33.35 


27.5^ 


33.8^ 


27M 


34.32 


65.8 


32.75 


27.01 


32.96 


27.21 


33.42 


27.60 


33.90 


28.01 


34.40 


65.9 


32.81 


27.07 


33.03 


27.26 


33.49 


27.66 


33.97 


28.07 


34.47 


66.0 


32.88 


27.13 


33.10 


27.32 


33.56 


27.72 


34.04 


28.13 


34.54 


66.1 


32.94 


27.19 


33.17 


27.38 


33.63 


27.78 


34.11 


28.19 


34.62 


66.2 


33.01 


27.25 


33.23 


27.1^ 


33.70 


27.8h 


34.18 


28.26 


34.69 


66.3 


33.07 


27.30 


33.30 


27.50 


33.77 


27.90 


34.25 


28.32 


34.76 


66.4 


33.14 


27.36 


33.37 


27.56 


33.84 


27.96 


34.33 


28.38 


^4.Bv 


66.5 


33.21 


27.^2 


33.44 


27.62 


33.91 


28.02 


34.40 


28.^ 


34.91 


66.6 


33.28 


27.1^8 


33.51 


27.68 


33.98 


28.08 


34.47 


28.51 


34.99 


66.7 


33.35 


27.5^ 


33.58 


27.73 


34.05 


28. U 


v4.94 


28.57 


35.06 


66.8 


33.41 


27.60 


33.65 


27.79 


34.12 


28.20 


34.62 


28.6^ 


35.14 


66.9 


33.48 


27.65 


33.72 


27.85 


34.19 


28.27 


34.69 


28.70 


35.21 


67.0 


33.55 


27.71 


33.79 


27.91 


34.26 


28.33 


34.76 


28.76 


35.29 


67.1 


33.62 


27.77 


33.86 


27.97 


34.34 


28.39 


34.83 


28.82 


35.37 


67.2 


33.69 


27.83 


33.92 


28.03 


34.41 


28.^ 


34.91 


28.89 


35.44 


67.3 


33.76 


27.89 


33.99 


28.09 


^4.4o 


28.52 


<94.3rO 


28.95 


35.52 


67.4 


33.82 


27.95 


34.06 


28.15 


34.55 


28.58 


35.05 


29.01 


35.60 


67.5 


33.89 


28.01 


34.13 


28.21 


34.62 


28.6^ 


35.13 


29.08 


35.67 


67.6 


33.96 


28.06 


34.20 


28.27 


34.69 


28.70 


35.20 


29. U 


35.75 


67.7 


34.03 


28.12 


34.27 


28.3^ 


34.76 


28.76 


35.28 


29.21 


35.82 


67.8 


34.09 


28.18 


34.34 


28.^ 


<94.0v 


28.83 


35.35 


29.27 


35.90 


67.9 


34.16 


28.2/i 


34.41 


28.^ 


34.91 


28.89 


35.43 


29.3Ji 


35.98 



XXX) 
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2I«C. 


23? C. 


23«C. 


34' 


C. 


26" 


C. 




PeroenI 


Percent 


Percent 


Per cent 


PWcent 


Percent 


Ptooent 


Ptocent 


Per cent 


8CAI.B 


by 


by 


by 


by 


by 


by 


by 


tr 


^K 


RBADIPiQ 


weight 


volunie 


weight 


vohime 


weight 


volume 


weight 


yoinme 


weight 




26,73 


32.87 


27.12 


33.35 


27.54 


33.84 


27.96 


34w36 


28M 


03.0 


26,79 


32.94 


27.18 


33.42 


27.60 


33.92 


28.03 


34.44 


28.49 


63.1 


26.85 


33.01 


27.24 


33.50 


27.66 


33.99 


28.09 


34.52 


28.55 


03.2 


26,91 


33.08 


27.31 


33.57 


27.72 


34.07 


28.16 


34.60 


28.62 


03.3 


^a on 


33.15 


27.37 


33.64 


27.79 


34.15 


28.23 


34.67 


28.69 


63.4 


27M 


33.22 


27.193 


33.72 


27M 


34.22 


28.29 


34.75 


28.76 


03.5 


27.09 


33.30 


27.49 


33.79 


27.91 


3430 


28J6 


34.83 


28.82 


63.6 


27.15 


33.37 


27.56 


33.86 


27.98 


<#4.Jo 


28.43 


34.91 


28.89 


63.7 


27,21 


33.44 


27.62 


33.93 


28.04 


34.45 


28.49 


^^•Vo 


28.96 


63.8 


27.27 


33.51 


27.68 


34.01 


28.11 


34.53 


28M 


35.07 


29.03 


03.9 


27.33 


33.59 


27.74 


34.08 


28.17 


34.61 


28.63 


' 35.15 


29.10 


64.0 


27.39 


33.66 


27.81 


34.16 


28.24 


34.68 


28.69 


35.23 


29.17 


64.1 


27,l$5 


33.73 


27.87 


34.23 


28.30 


34.76 


28.76 


35.31 


29.24 


64.2 


27.51 


33.80 


27.93 


34.31 


28.37 


34.84 


28.83 


35.39 


29.31 


64.3 


27.57 


33.88 


27.99 


34.39 


28.43 


34.92 


28.89 


35.48 


29J8 


64.4 


27,63 


33.95 


28.06 


34.46 


28.50 


34.99 


28.96 


35.56 


29.45 


64.5 


27.70 


34.02 


28.12 


34.54 


28.57 


35.07 


29.03 


35.64 


29.52 


04.6 


27.76 


34.10 


28.19 


34.61 


28.63 


35.15 


29.10 


35.72 


29.60 


64.7 


27.82 


34.17 


28.25 


34.69 


28.70 


35.23 


29.17 


35.80 


29.67 


64.8 


27.88 


34.24 


28.31 


34.76 


28.76 


35.31 


29.24 


35.89 


29.74 


64.9 


27.9U 


34.32 


28.38 


34.84 


28.83 


35.39 


29J1 


35.97 


29.81 


65.0 


28.00 


34.39 


28.44 


34.92 


28.89 


35.47 


29.38 


36.05 


29.88 


65.1 


28.06 


34.47 


28.51 


34.99 


28.96 


35.55 


29.44 


36.13 


29M 


65.2 


28.13 


v4.94 


28.57 


35.07 


29.03 


35.63 


29.51 


36.21 


30.02 


65.3 


28.19 


54.01 


28.63 


35.15 


29.10 


35.71 


29.58 


36.30 


30.10 


65.4 


28.25 


34.09 


28.70 


35.23 


29.16 


35.79 


29.65 


36.38 


30.17 


65.5 


28.32 


34.76 


28.76 


35.30 


29.23 


35.87 


29.72 


36.46 


30.24 


65.6 


28.38 


34.84 


28.83 


35.38 


29.30 


35.94 


29.79 


36.55 


30J2 


65.7 


28M 


34.91 


28.89 


35.46 


29.37 


36.02 


29.86 


36.63 


30J9 


65.8 


28.51 


34.99 


28.96 


35.54 


29.44 


36.11 


29S3 


36.71 


30.46 


65.9 


28.57 


35.06 


29.02 


35.62 


29.51 


36.19 


30.00 


36.79 


30.54 


66.0 


28.6lt 


35.14 


29.09 


35.70 


29.58 


36.27 


30.07 


36.88 


30.61 


66.1 


28.70 


35.22 


29.16 


35.77 


29.64 


36.35 


30.15 


36.96 


30.68 


66.2 


28.76 


35.30 


29.23 


35.85 


29.71 


36.43 


30.22 


37.04 


30.76 


66.3 


28.83 


35.38 


29.29 


35.93 


29.78 


36.52 


30.29 


37.13 


30.83 


66.4 


28.89 


35.45 


29.36 


36.01 


29.85 


36.60 


30.36 


37.22 


30.90 


66.5 


28.96 


35.53 


29.43 


36.09 


29.92 


36.68 


30.43 


37.30 


30.98 


66.6 


29.03 


35.61 


29.50 


36.17 


29.99 


36.76 


30.51 


37.39 


31.05 


66.7 


29.09 


35.69 


29.57 


36.25 


30.06 


36.84 


30.58 


37.48 


31.13 


66.8 


29.15 


35.77 


29.64 


36.33 


30.13 


36.93 


30.65 


37.57 


31.21 


66.9 


29.22 


35.84 


29.71 


36.41 


30.20 


37.01 


30.72 


37.65 


31.28 


67.0 


29.29 


35.92 


29.77 


36.49 


30.27 


37.09 


30.80 


37.74 


31J6 


67.1 


29.35 


36.00 


29.84 


36.57 


30.34 


37.18 


30,87 


37.83 


31.44 


67.2 


29.^2 


36.08 


29.91 


36.65 


30.41 


37.26 


30.94 


37.91 


31.51 


67.3 


29.49 


36.16 


29.98 


36.73 


30.49 


37.35 


31.02 


38.00 


31.59 


67.4 


29.55 


36.24 


30.05 


36.81 


30.56 


37.44 


31.09 


38.09 


31.65 


67.5 


29.62 


36.32 


30.12 


36.90 


30.63 


37.52 


31.17 


3&18 


31.74 


67.6 


29.69 


36.40 


30.19 


36.98 


30.70 


37.61 


31.24 


38.26 


31.82 


67.7 


29.75 


36.48 


30.26 


37.06 


30.77 


37.69 


31.32 


38.35 


31.89 


67.8 


29.82 


36.56 


30.33 


37.14 


30.84 


37.78 


31J9 


38.44 


31.97 


67.9 
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AliCOHOL 





17.fi 


«»€. 


18" 


C. 


1«"C. 


2(y»c. 


21<»C. 


aCALB 


Par coot 


Peroeoi 


Peroonl 


Pferoent 


PeroenI 


FeroMit 


Peroeot 


Pwoent 


Percent 


IIBADINQ 


!»y 


by 


by 


by 


by 


by 


!»y 


by 


!»y 




VOlUIIM 


wmght 


volume 


weight 


voluaM 


weight 


volume 


weight 


volume 


68.0 


34.33 


2SJ$ 


34.48 


28.52 


34.98 


28.95 


35.50 


29.41 


36.05 


68.1 


34.30 


2SJ6 


34.55 


28.58 


35.05 


29.01 


35.57 


29.47 


36.13 


68.2 


34.36 


2SM 


34.62 


28.64 


35.13 


29.08 


35.65 


29.54 


36.21 


68.3 


34.43 


28M 


34.69 


28.70 


35.20 


29.14 


35.72 


29.60 


36.29 


68.4 


34.50 


2SM 


34.76 


28.76 


35.27 


29.21 


35.80 


29.67 


36.37 


68.5 


34.57 


28M 


34.83 


28.82 


35.35 


29.27 


35.87 


29.73 


36.45 


68.6 


34.64 


28.65 


34.90 


28.88 


35.42 


29.33 


35.95 


29.80 


36.52 


68.7 


34.70 


28J1 


34.97 


28.95 


35.49 


29.40 


36.02 


29.86 


36.60 


68.8 


34.77 


28J7 


35.04 


29.01 


35.57 


29.46 


36.10 


29.93 


36.68 


68.9 


34.M 


2a.S3 


35.12 


29,07 


35.64 


29.53 


36.18 


29.99 


36.76 


69.0 


34.91 


28M' 


35.19 


29J3 


35.71 


29.59 


36.25 


30.06 


36.84 


69.1 


34.97 


2835. 


35.26 


29.19 


35.79 


29.65 


36.33 


30.13 


36.91 


69.2 ^ 


35.04 


29.01 


35.33 


29J6 


35.86 


29.72 


36.41 


30.20 


36.99 


69.3 


35.12 


29M7 


35.40 


29.32 


35.93 


29.78 


36.48 


30.27 


37.07 


69.4 


35.19 


29.U 


35.47 


29J8 


36.01 


29.85 


36.56 


30J3 


37.15 


69.5 


35.27 


29.20 


35.55 


29.45 


36.08 


29J1 


36.64 


30.40 


37.24 


69.6 


35.34 


29.26 


35.62 


29.51 


36.16 


29.97 


36.72 


30.47 


37.32 


69.7 


35.41 


29J3 


35.69 


29.57 


36.23 


30.04 


36.79 


30M 


37.40 


69.8 


35.49 


29.39 


35.76 


29.64 


36.31 


30.11 


36.87 


30.61 


37.48 


69.9 


35.56 


29.^ 


35.83 


29.70 


36.39 


30.17 


36.95 


30.67 


37.56 


70.0 


35.64 


29.52 


35.91 


29.76 


36.46 


30.24 


37.02 


30.74 


37.64 


70.1 


35.71 


29.59 


35.98 


29.82 


36.54 


30J1 


37.10 


30.81 


37.72 


70.2 


35.78 


29.€5 


36.05 


29.89 


36.61 


30.38 


37.19 


30.88 


37.80 


70.3 


35.66 


29J2 


36.13 


29.95 


36.69 


30.44 


37.27 


30.95 


37.89 


70.4 


35.93 


29.78 


36.20 


30.01 


36.76 


30.51 


37.35 


31.01 


37.97 


70.5 


36.01 


29.85 


36.28 


30.08 


36.84 


30.58 


37.43 


31.09 


38.05 


70.6 


36.08 


29.91 


36.35 


30.15 


36.92 


30.64 


37.51 


31.16 


38.13 


70.7 


36.16 


29.97 


36.43 


30.21 


36.99 


30.71 


37.59 


31.23 


38.22 


70.8 


36.23 


30.04 


36.50 


30.28 


37.07 


30.78 


37.67 


31J0 


38.30 


70.9 


36.31 


30Ai 


36.58 


30.35 


37.15 


30.85 


37.75 


3U7 


38.38 


71.0 


36.38 


30.17 


36.65 


30.41 


37.23 


30.91 


37.83 


31.44 


38.47 


71.1 


36.46 


30.24 


36.73 


30.48 


37.31 


30.98 


37.91 


31.51 


38.55 


71.2 


36.53 


30.3a 


36.80 


30.55 


37.39 


31.05 


37.99 


31.59 


38.63 


71.3 


36.60 


30.37 


36.88 


30.61 


37.47 


3i.12 


38.07 


31.66 


38.72 


71.4 


36.68 


30.44 


36.95 


30.68 


37.55 


31.19 


38.16 


31.73 


38.80 


71.5 


36.75 


30.50 


37.03 


30.75 


37.63 


31.26 


38.24 


31.80 


38.88 


71.6 


36.83 


30.57 


37.11 


30.81 


37.71 


31.33 


38.32 


31.87 


38.97 


71.7 


36.90 


30.64 


37.19 


30.88 


37.79 


31.40 


38.40 


31.94 


39.05 


71.8 


36.98 


30.70 


37.27 


30.95 


37.87 


31.47 


38.49 


32.01 


39.14 


71.9 


37.05 


30.77 


37.34 


31.01 


37.94 


31.54 


38.57 


32.09 


39.23 


72.0 


37.13 


30.84 


37.42 


31.08 


38.02 


31.61 


38.65 


32.17 


39.31 


72.1 


37.21 


30.90 


37.50 


31.15 


38.11 


31.68 


38.74 


32.24 


39.40 


72.2 


37.29 


30.97 


37.58 


31.22 


38.19 


31.75 


3^82 


32.32 


39.49 


72.3 


37.36 


31.03 


37.66 


31.29 


38.27 


31.82 


38.90 


32J9 


39.57 


72.4 


37.44 


31.10 


37.73 


31.36 


38.35 


31.89 


38.98 


32.47 


39.66 


72.5 


37.52 


31.17 


37.81 


31.42 


38.43 


31.96 


39.07 


32.54 


39.75 


72.6 


37.60 


31.24 


37.89 


31.49 


38.51 


32.04 


39.16 


32.62 


39.83 


72.7 


37.67 


31.31 


37.97 


31.56 


38.59 


32.11 


39.24 


32.69 


39.92 


72.8 


37.75 


31.37 


38.05 


31.63 


38.67 


32.18 


39.33 


32.77 


40.01 


72.9 


37.83 


31.44 


38.13 


31.70 


38.76 


32.26 


39.41 


32.84 


40.10 
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21«C. 


22? C. 


28* 


•c. 


24« 


•C. 


25* 


•c. 




P^oent 


PeroBot 


Peroant 


PeromI 


Per cent 


Peromt 


Pte-omt 


Peromt 


Percent 


eCATJC 


by 


by 


by 


by 


by 


by 


*?y 


by 


by 


MBADnvO 


wflisiit 


volame 


w«icht 


wloaM 


weight 


vonuBe 


WMfnt 


vonuBe 


weight 




29M 


36.63 


30.40 


37.23 


30.91 


37.86 


31,47 


38.53 


32.05 


68.0 


29.95 


36.71 


30.47 


37.31 


30.99 


37.95 


31.54 


3&61 


32.13 


68.1 


3om 


36.79 


30.54 


37.39 


31.06 


38.03 


31.62 


38.70 


32.21 


68.2 


30.09 


36.87 


30.61 


37.48 


31.13 


3&12 


31.69 


3&79 


32.29 


68.3 


30.16 


36.95 


30.68 


37.56 


31,21 


38.21 


31.77 


38.88 


32J7 


68.4 


30.23 


37.03 


30.75 


37.65 


31.28 


3&30 


31.84 


38.96 


32.45 


68.5 


30.30 


37.12 


30.82 


37.73 


31.35 


38.38 


31,92 


39.06 


32.53 


68.6 


30.37 


37.20 


30.89 


37.82 


31.43 


3&47 


31,99 


39.15 


32.61 


68.7 


30.^ 


37.28 


30.96 


37.90 


31.50 


38.56 


32,07 


39.24 


32.69 


68.8 


30.50 


37.36 


31.03 


37.96 


31.57 


3&64 


32.15 


39.33 


32.77 


68.0 


30.57 


37.45 


31.10 


38.07 


31.65 


3&73 


32.^ 


39.43 


32.86 


69.0 


30.64 


37.53 


31.17 


38.15 


31.72 


38.82 


32.31 


39.52 


32M 


69.1 


30.7i 


37.61 


31.25 


3&24 


31.79 


38.90 


32.39 


39.61 


33.02 


69.2 


30.78 


37.69 


31.32 


38.32 


31.87 


38.99 


32.47 


39.70 


33,10 


69.3 


30.85 


37.78 


81.39 


38.41 


31.94 


39.08 


32.55 


39.80 


33.18 


69.4 


30.92 


37.86 


31.46 


38.50 


32.02 


39.17 


39.63 


39.89 


33.26 


69.5 


30.99 


37.94 


91.54 


38.58 


32.09 


39.26 


32.71 


39.96 


33.34 


69.6 


3iM 


38.03 


31.61 


38.67 


32.17 


39.35 


32.78 


4ao7 


33.43 


69.7 


31.13 


38.11 


31.68 


38.75 


32.25 


39.45 


32.86 


40.17 


33.51 


69.8 


31.20 


38.19 


31.75 


3&84 


32.33 


39.54 


32.95 


40.26 


33.59 


69.0 


31.27 


38.28 


31.88 


38.92 


32.41 


39.63 


33.m 


40.35 


33.67 


7ao 


31.35 


38.36 


31.90 


39.01 


32.49 


39.72 


33.11 


4a44 


33.75 


70.1 


31. U2 


38.45 


31.97 


39.10 


32.57 


39.81 


33.19 


40.53 


33.84 


70.2 


31.^ 


38.53 


32.05 


39.19 


32.65 


39.90 


33.27 


4a62 


33.92 


70.3 


31.96 


38.61 


32.12 


39.28 


32.79 


39.99 


3SX 


4a72 


34.00 


70.4 


31.63 


38.70 


32.20 


39.37 


39.^ 


40.06 


33.48 


4a81 


34.08 


70.5 


31.70 


38.78 


32.28 


39.46 


32,88 


40.17 


33.51 


4a90 


34.17 


70.6 


31.78 


38.87 


32.36 


39.55 


32.96 


4a26 


33.99 


4a99 


34.25 


70.7 


31.85 


38.95 


32.43 


39.64 


3S.m 


40.35 


33.68 


41.06 


34,33 


70.8 


31.92 


39.04 


32.51 


39.73 


83.f9 


40.45 


33.76 


41.18 


34.4/2 


70.9 


31.99 


39.12 


32.m 


39.82 


J9.99 


40.SM 


33.84 


41.27 


34.90 


71.0 


32.07 


39.21 


32.67 


39.91 


38.28 


40.63 


33.99 


41.36 


34.98 


71.1 


32.15 


39.30 


32.74 


40.00 


33.36 


4a72 


34.00 


41.46 


34.67 


71.2 


32.22 


39.39 


32.89 


40.09 


33.44 


40.81 


34.08 


41.55 


84.75 


71.3 


32.30 


39.48 


32.90 


40.18 


33.92 


40.90 


94.17 


41.64 


34.83 


71.4 


32.37 


39.^7 


«r3f.«w 


40.27 


33.m 


4a99 


34.216 


41.74 


34,99 


71.6 


32.45 


39.65 


33.05 


40.36 


Otf.Wf 


41.06 


34.38 


41.83 


35.60 


71.6 


32.53 


39.74 


33.13 


40.45 


33,76 


41.18 


34.41 


41.93 


35.08 


71.7 


32.60 


39.83 


33.21 


40.54 


33.84 


41.27 


34.99 


42.02 


95.47 


71.8 


32.68 


39.92 


33.29 


40.63 


33.99 


4136 


34.98 


42.11 


35.25 


71.9 


32.76 


40.01 


33.37 


40.72 


34.00 


41.45 


34.06 


42.21 


35.34 


72.0 


32.83 


40.10 


33.45 


40.81 


34.08 


41.55 


34.74 


42.30 


35.^^ 


72.1 


32.91 


40.18 


33.(f2 


40.90 


34.16 


41.64 


34.^ 


42.40 


35.91 


72.2 


32.98 


40.27 


33.60 


40.99 


34.24 


41.73 


34.91 


42.49 


35.99 


72.3 


33.06 


40.36 


Ou.VO 


41.06 


34,33 


41.82 


34.99 


42.58 


35.68 


72.4 


33.14 


40.45 


33.76 


41.17 


34.41 


41.92 


o!^.tK 


42.68 


35.76 


72.6 


33.22 


40.54 


33.84 


41.26 


34.49 


42.01 


35.16 


42.77 


35.85 


72.6 


33.29 


40.62 


33.91 


41.35 


34.57 


42.10 


35.24 


42.87 


35.93 


72.7 


33.37 


40.71 


33.99 


41.45 


34.65 


42.19 


35.33 


42.96 


36.02 


72.8 


33.45 


40.80 


34.07 


41.54 


34.73 


42.29 


35.41 


43.06 


36.10 


72.9 
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Aijcohol 





17.fi 


•C. 


18»C. 


19« 


C. 


2XfC. 


21»C. 


acAix 


ParoMit 


Percent 


Piv otnt 


Percent 


P^oeot 


Pwoent 


Percent 


Per cent 


Per onnt 


■■A DING 


!»y 


by 


!»y 


by 


py 


by 


by 


by 


by 




volune 


weight 


voiume 


weight 


voiume 


walght 


voliune 


weicht 


volome 


73.0 


37.91 


31.51 


3&21 


31.77 


38.84 


32.33 


39.50 


32S2 


40.18 


73.1 


37.98 


31M 


38.29 


31.84 


38.92 


32.40 


39.59 


32J99 


40.27 


73.2 


38.06 


31.65 


38.37 


31.90 


39.00 


32.48 


39.67 


33.07 


40.36 


73.3 


38.14 


31.71 


3&45 


31J97 


39.06 


32.55 


39.76 


33.15 


40.44 


73.4 


38.22 


31.78 


38.53 


32M 


39.17 


32.62 


39.84 


33.22 


40.53 


73.5 


38.30 


31.85 


38.61 


32.12 


39.25 


32.70 


39.93 


33.30 


40.62 


73.6 


38.38 


31.92 


38.69 


32.19 


39.34 


32.77 


40.02 


33.37 


40.70 


73.7 


38.46 


31J99 


38.77 


32.36 


39.42 


32.85 


40.10 


33.45 


40.79 


73.8 


38.54 


32.06 


38.85 


32M 


39.50 


32S2 


40.19 


33.53 


40.88 


73.9 


38.62 


32.13 


38.93 


32.41 


39.59 


32.99 


40.28 


33.60 


40.97 


74.0 


38.70 


32.20 


39.01 


32.48 


39.67 


33.07 


40.36 


33.68 


41.05 


74.1 


38.78 


32.27 


39.09 


32M 


39.76 


33.15 


40.45 


33.76 


41.14 


74.2 


38.86 


32.35 


39.18 


32.63 


39.84 


33.22 


40.53 


33.83 


41J23 


74.3 


38.94 


32.U2 


39.26 


32.70 


39.92 


33J0 


40.62 


33.91 


4132 


74.4 


39.02 


32.U9 


3934 


32.77 


40.01 


33J7 


40.71 


33M 


41.41 


74.5 


39.10 


32.56 


39.43 


32.85 


40.09 


33.45 


40.79 


34.06 


4130 


74.6 


39.18 


32j63 


39.51 


32.92 


40.18 


33.53 


40.88 


34.14 


4139 


74.7 


39M 


32.70 


39.59 


32J99 


40.27 


33.60 


40.97 


34.22 


41.68 


74.8 


39.35 


32.78 


39.68 


33J07 


4035 


33.68 


41.05 


34J0 


41.77 


74.9 


39.43 


32M 


39.76 


33.15 


40.44 


33.76 


41.14 


34J8 


41.86 


75.0 


39.51 


32.92 


39.84 


33.22 


40.53 


33M 


41.23 


34.46 


41.95 


75.1 


39.60 


32M 


39.93 


33J0 


40.61 


33S1 


41.32 


34.54 


42.04 


75.2 


39.68 


33.07 


40.01 


33J7 


40.70 


33J98 


41.41 


34.61 


42.13 


75.3 


39.76 


33.15 


40.09 


33.45 


40.78 


34.06 


41.50 


34.69 


42.22 


75.4 


39.84 


33.22 


40.18 


X^SH 


40.87 


34.14 


41.58 


34.77 


4231 


75.6 


39.93 


33J0 


40.27 


33.60 


40.96 


34.22 


41.67 


34M 


42.40 


76.6 


40.01 


33J7 


40.35 


33M 


41.04 


34.30 


41.76 


34S3 


42.49 


75.7 


40.09 


33M 


40.44 


33.76 


41.13 


34J8 


41.85 


35.01 


42.58 


75.8 


40.18 


33.53 


40.53 


33J83 


41.22 


34.45 


41.94 


35J09 


42.67 


75.9 


40^ 


33.60 


40.61 


33J9i 


4131 


34.53 


42.03 


35.17 


42.76 


76.0 


40.35 


33.68 


40.70 


33M 


41.40 


34.61 


42.12 


3525 


42.85 


76.1 


40.44 


33.76 


40.78 


34.06 


41.48 


34.68 


42.21 


35J3 


42.95 


76.2 


40.53 


33.83 


40.87 


34.14 


41.57 


34.77 


4230 


35.41 


43.04 


76.3 


40.61 


33M 


40.96 


34.22 


41.66 


34J84 


4239 


35.50 


43.13 


76.4 


40.70 


33M 


41U>4 


34.29 


41.75 


34S2 


42.48 


35.58 


43.22 


76.6 


40.78 


3^.06 


41.13 


34J7 


41.8S 


35M 


4237 


35j66 


4332 


76.6 


40.87 


3^.U 


41.22 


34.45 


41.92 


35.08 


42.66 


35.74 


43.41 


76.7 


40.96 


3^.22 


4130 


34.53 


42.01 


35.16 


42.75 


35^2 


43.50 


76.8 


41.04 


34.29 


4139 


34.60 


42.10 


35.24 


42.84 


35S0 


43.60 


76.9 


41.13 


3U.37 


41.48 


34.68 


42.19 


35J2 


42.93 


35S8 


43.69 


77.0 


41.22 


J4.45 


41.57 


34.76 


4239 


35.40 


43.02 


36J97 


43.79 


77.1 


4131 


3^1.52 


41.65 


34.84 


4237 


35.48 


43.11 


36.15 


43.88 


77.2 


4139 


3(1.60 


41.74 


34.91 


42.46 


35.56 


43.20 


36.24 


43.97 


77.3 


41.48 


311.68 


41.83 


34.99 


42.54 


35.64 


4330 


36J2 


44.07 


77.4 


41.57 


34.75 


41.91 


35.07 


42.63 


35.72 


43.39 


36.40 


44.16 


77.5 


41.66 


34.83 


42.00 


35.15 


42.72 


35.80 


43.48 


36.49 


44.26 


77.6 


41.75 


34.91 


42.09 


35.23 


42.81 


35.88 


4337 


36.57 


44.35 


77.7 


41.83 


34.98 


42.17 


35.30 


42.90 


35.96 


43.67 


36.66 


44.45 


77.8 


41.92 


35.06 


42M 


35.38 


42.99 


36.04 


43.76 


36.74 


44.54 


77.9 


42.01 


35.14 


4235 


35.46 


43.08 


36.13 


43.85 


36M2 


44.64 
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21«C. 


22«C. 


28*= 


C. 


24" 


C. 


26" 


C. 




Percent 


Percent 


Percent 


Pwcent 


Percent 


Percent 


Par cent 


Percent 


Pteoent 


8CAUC 


by 


!>y 


by 


by 


by 


by 


by 


by 


by 


MBADINO 


weight 


volume 


weight 


voiunie 


weight 


volume 


weight 


volume 


weight 




33.52 


40.88 


3^.15 


41.63 


34.81 


42.38 


35.49 


43.15 


36.18 


73.0 


33,60 


40.97 


34f.23 


41.72 


34.89 


42.47 


35.58 


43.24 


36.27 


73.1 


33,68 


41.06 


34.31 


41.81 


34.98 


42.56 


35.66 


43.33 


36.35 


73.2 


33.75 


41.15 


34.39 


41.90 


35.06 


42.66 


35.74 


43.43 


36.43 


73.3 


33.83 


41.24 


34.47 


41.99 


35.14 


42.75 


35.83 


43.52 


36.52 


73.4 


33.91 


41.33 


34.55 


42.08 


35.22 


42.84 


35.91 


43.61 


36.60 


73.5 


33.98 


41.42 


34.63 


42.17 


35.31 


42.93 


35.99 


43.70 


36.68 


73.6 


34M 


41.51 


34.71 


42.27 


35.39 


43.03 


36.08 


43.80 


36.77 


73.7 


3^.U 


41.60 


34.79 


42.36 


35.47 


43.12 


36.16 


43.89 


36.85 


73.8 


3^.n 


41.69 


34.87 


42.45 


35.55 


43.21 


36.24 


43.98 


36.93 


73.9 


3^.30 


41.78 


34.95 


42.54 


35.64 


43.31 


36J3 


44.08 


37.02 


74.0 


3^,38 


41.87 


35.03 


42.63 


35.72 


43.40 


36.41 


44.18 


37.11 


74.1 


34M 


41.06 


35.12 


42.72 


35,80 


43.49 


36.49 


44.28 


37.20 


74.2 


3^.54 


42.06 


35.20 


42.82 


35.88 


43.58 


36.58 


44.38 


37.29 


74.3 


3/i.62 


42.15 


35.28 


42.91 


35.97 


43.68 


36.66 


44.48 


37.38 


74.4 


3U,70 


42.24 


35,^ 


43.00 


36.05 


43.77 


36.74 


44.57 


37.47 


74.5 


3/^.78 


42.33 


35.45 


43.09 


36.13 


43.86 


36.83 


44.67 


37.56 


74.6 


3/t.86 


42.42 


35.53 


43.19 


36.22 


43.95 


36.91 


44.77 


37.65 


74.7 


3it.9U 


42.51 


35.61 


43.28 


36.30 


44.05 


36.99 


44.87 


37.75 


74.8 


35m 


42.61 


35.69 


43.37 


36.39 


44.15 


37.08 


44.97 


37.84 


74.9 


35J0 


42.70 


35,78 


43.46 


36.47 


44.25 


37.17 


45.07 


37.93 


75.0 


35.18 


42.79 


35.86 


43.56 


36.55 


44.34 


37.26 


45.18 


38.02 


75.1 


35,26 


42.88 


35.95 


43.65 


36.64 


44.44 


37.35 


45.29 


38.12 


75.2 


35J/f 


42.97 


36.03 


43.74 


36.72 


44.53 


37.44 


45.39 


38.21 


75.3 


35.^ 


43.07 


36.11 


43.83 


36.81 


44.63 


37.53 


45.50 


38.31 


75.4 


35.51 


43.16 


36,20 


43.92 


36.89 


44.73 


37.62 


45.61 


38.40 


75.5 


35,59 


43.25 


36,28 


44.02 


36.97 


44.83 


37.71 


45.71 


38.50 


75.6 


35.67 


43.35 


36,36 


44.12 


37.06 


44.93 


37.80 


45.82 


38.60 


75.7 


35,75 


43.44 


36.45 


44.21 


37.15 


45.03 


37.89 


45.92 


38.69 


75.8 


35,8^ 


43.53 


36.53 


44.31 


37.24 


45.13 


37.98 


46.02 


38.79 


75.9 


35.92 


43.63 


36,62 


44.41 


37.33 


45.24 


38.08 


46.12 


38.88 


76.0 


36,00 


43.72 


36.70 


44.50 


37.42 


45.34 


38.17 


46.23 


38.98 


76.1 


36,08 


43.81 


36.79 


44.60 


37.50 


45.44 


38.27 


46.34 


39.08 


76.2 


36,17 


43.91 


36.87 


44.70 


37.59 


45.55 


38.36 


46.45 


39.18 


76.3 


36,25 


44.00 


36.96 


44.80 


37.68 


45.65 


38.46 


46.56 


39.29 


76.4 


36,3^ 


44.10 


37.04 


44.89 


37.77 


45.75 


38.55 


46.67 


39.39 


76.5 


36,^2 


44.19 


37.13 


44.99 


37.86 


45.86 


38.65 


46.78 


39.49 


76.6 


36,51 


44.29 


37.22 


45.09 


37.95 


45.96 


38.74 


46.89 


39.59 


76.7 


36,59 


44.38 


37.30 


45.19 


38.04 


46.07 


38.84 


47.00 


39.69 


76.8 


36.68 


44.48 


37.39 


45.30 


38.13 


46.18 


38.93 


47.11 


39.80 


76.9 


36.76 


44.57 


37.47 


45.40 


38.23 


46.29 


39.03 


47.23 


39.90 


77.0 


36.85 


44.67 


37.56 


45.50 


38.32 


46.40 


39.13 


47.34 


40.00 


77.1 


36.93 


44.76 


37.65 


45.60 


38.42 


46.51 


39.23 


47.45 


40.11 


77.2 


37,02 


44.86 


37.73 


45.70 


38.51 


46.62 


39M 


47.5^ 


40.22 


77.3 


37,10 


44.95 


37.82 


45.81 


38.60 


46.73 


39.44 


47.68 


40.32 


77.4 


37.19 


45.05 


37.91 


45.91 


38.70 


46.84 


39.54 


47.80 


40.43 


77.5 


37.28 


45.15 


37.99 


46.01 


38.79 


46.95 


39.64 


47.91 


40.54 


77.6 


37.36 


45.25 


38.08 


46.12 


38.89 


47.06 


39.74 


48.02 


40.65 


77.7 


37,U5 


45.35 


38.18 


46.23 


OO.irO 


47.17 


39.85 


48.14 


40.75 


77.8 


37,53 


45.45 


38.27 


46.34 


39.08 


47.28 


39.95 


48.26 


40.86 


77.9 
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Alcohol 





i7.a 


•c. 


lff»C. 


1»"C. 


arc. 


21«C. 


SCALB 
RBAMNO 


Per ceot 
Tohime 


Per cent 

by 
wdght 


P^oent 
voiuine 


Per cent 

by 
weight 


Percent 
volume 


Peroent 

by 
weigiit 


Percent 
vofame 


Per cent 

by 
weiglit 


Percent 
vonime 


78.0 
78.1 
78.2 
78,3 
78.4 


42.09 
42.18 
42.26 
42.35 
42.44 


35,22 
35.30 
35,3S 
35./i5 
35.53 


42.43 
42.52 
42.61 
42.70 
42.78 


35.M 

35.62 
35,70 
35,77 
35.85 


43.17 36,21 
43.27 36.29 
43.36 36,38 
43.45 36,^ 
43.54 36,5^ 


43.94 
44.04 
44.13 
44.23 
44.32 


36,91 
36,99 
37,08 
37,16 
37,25 


44.73 
44.83 
44.92 
45.02 
45.12 


78.5 
78.6 
78.7 
78.8 
78.9 


42.52 
42.61 
42.69 
42.78 
42.86 


35.Si 
35.69 
35.77 
35M 
35,92 


42.87 
42.96 
43.05 
43.14 
43.23 


35,93 
36,01 
36,09 
36,17 
36,26 


43.63 36,63 
43.72 36,71 
43.82 36.79 
43.91 36,88 
44.00 36,96 


44.42 

44.51 
44.60 
44.70 
44.79 


37.33 
37,^2 
37,50 
37,59 
37.68 


45.22 
45^2 
45.42 
45.52 
45.62 


79.0 
79.1 
79.2 
79.3 
79.4 


42M 
43.04 
43.13 
43.22 
43.31 


36M 
36.08 
36.16 
36,25 
36,33 


43.32 
43.41 
43.50 
43.59 
43.68 


36,3^ 
36.^2 
36.50 
36,59 
36.67 


44.09 37.0^ 
44.19 37,13 
44.28 37.21 
44.38 37,30 
44.47 37.38 


44.89 

44.98 
45.08 
45.18 
45.28 


37.76 
37,85 
37,9k 
38,02 
38,11 


45.72 
45.82 

45.92 
46.02 
46.13 


79.5 
79.6 
79.7 
79.8 
79.9 


43.40 
43.49 
43.58 
43.67 
43.76 


36.^f 
36,^9 
36,57 
36.66 
36,7^ 


43.77 
43.86 
43.95 
44.05 
44.14 


36,75 
36,83 
36.92 
37,00 
37,09 


44.56 37,^7 
44.65 37,56 
44.75 37,6^ 
44.84 37,73 
44.93 37.81 


45.38 
45.48 
45.58 
45.68 

45.78 


38.20 
38.^ 
38.39 
38.^ 
38,57 


46.24 
46.34 
46.45 
46.56 
46.67 


80.0 


43.85 


36,82 


44.24 


36.17 


45.04 37,90 


45.88 


38,67 


46.77 
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2rC. 


22° C. 


Percent 

by 
weight 


Percent 
volume 


Per cent 

by 

weight 


37.62 
37.71 
37.79 
37.88 
37.97 


45.56 
45.66 
45.76 
45.86 
45.96 


38.37 
38.46 
38.56 
38.65 
38.75 


38.06 
38.15 
38.24 
38.33 
38.43 


46.07 
46.17 
46.28 
46.39 
46.50 


38.84 
38.93 
39.03 
39.13 
39.23 


38.52 
38.61 
38.70 
38.80 
38.89 


46.61 
46.72 
46.83 
46.93 
47.04 


39.33 
39.43 
39.54 
39.64 
39.74 


38.98 
39.08 
39.18 
39.28 
39.38 


47.15 
47.26 
47.37 
47.48 
47.59 


39.84 
39.94 
40.04 
40.14 
40.24 


39.48 


47.70 


40.35 



23* C. 



Percent 
volume 



46.45 
46.56 
46.67 
46.78 
46.89 

47.00 
47.11 
47.22 
47.34 
47.45 

47.56 
47.67 
47.79 
47.90 
48.01 

48.12 
48.23 
48^4 

4BA6 
48.57 



Percent 

by 
weight 



39.18 
39.29 
39.39 
39.49 
39.59 

39.69 
39.80 
39.90 
40.00 
40.11 

40.21 
40.32 
40.42 
40.53 
^0,63 

40.74 
40.84 
40.95 
41.05 
41.16 



24«C. 



Percent 
volume 



48.68 41.26 



47.40 
47.51 
47.63 
47.74 
47.85 

47.97 
48.06 
48.19 
48.31 
48.42 

48.53 
48.65 
48.76 
48.88 

48.99 

49.10 
49.22 
49.33 
49.45 
49.56 



Per cent 

by 
weight 



40.05 
40.16 
40.27 
40.37 
40.48 

40.59 
40.69 
40.80 
40.90 
41.01 

41.12 
41.22 
41.33 
41.44 
41.54 

41.65 
41J6 
41M 
41.97 
42.08 



25»C. 



49.68 42.18 



Percent 
vohime 



48.37 
48.49 
48.60 
48.72 
48.84 

48.95 
49.07 
49.19 
49.31 
49.42 

49.54 
49.66 
49.77 
49.89 
50.01 

50.13 
50.24 
50.36 
50.48 
50.59 



Percent 

by 
weight 



40.97 
41.08 
41.18 
41.29 
41.40 

41.51 
41.62 
41.73 
41.84 
41.95 

42.05 
42.16 
42.27 
42,38 
42.49 

42.60 
42.71 
42.82 
43.93 
43.04 



50.71 43.15 



9CAJLM 
BBAOINa 



78.0 
78.1 
78.2 
78.3 
78.4 

78.5 
78.6 
78.7 
78.8 
78.9 

79.0 
79.1 
79.2 
79.3 
79.4 

79.5 
79.6 
79.7 
79.8 
79.9 

80.0 
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9 Temperature corrections to readings of Saccharometers (Standard ai SO^C). 

(This table is calculated using the data on thermal expansion of sugar solutions by 
Plato, assuming the instrument to be of Jena 16^^^ glass. The table should be used 
with caution and only for approximate results when the temperature differs much 
from the standard temperature or from the temperature of the surrounding air.) 



TKm>RR A - 


OBemnrBD prr cent of scoar 


TORE, *C. 





5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


70 




Subtract — 





0.30 


0.49 


0.65 


0.77 


0.89 


0.99 


1.08 


1.16 


1.24 


1.31 


1.37 


1.41 


1.44 1.49 


5 


0.36 


0.47 


0.56 


0.65 


0.73 


0.80 


0.86 


0.91 


0.97 


1.01 


1.05 


1.08 


1.10 


1.14 


10 


0.32 


0.38 


0.43 


0.48 


0.52 


0.67 


0.60 


0.64 


0.67 


0.70 


0.72 


0.74 


0.75 


0.77 


11 


0.31 


0.35 


0.40 


0.44 


0.48 


0.51 


0.55 


0.58 


0.60 


0.63 


0.65 


0.66 


0.68 


0.70 


12 


0.29 


0.32 


0.36 


0.40 


0.43 


0.46 


0.50 


0.52 


0.54 


0.56 


0.58 


0.59 


0.60 


0.62 


13 


0.26 


0.29 


0.32 


0.35 


0.38 


0.41 


0.44 


0.46 


0.48 


0.49 


0.51 


0.52 


0.53 


0.55 


14 


0.24 


0.26 


0.29 


0.31 


0.34 


0.36 


0.38 


0.40 


0.41 


0.42 


0.44 


0.45 


0.46 


0.47 


15 


0.20 


0.22 


0.24 


0.26 


0.28 


0.30 


0.32 


0.33 


0.34 


0.36 


0.36 


0.37 


0.38 


0.39 


16 


0.17 


0.18 


0.20 


0.22 


0.23 


0.25 


0.26 


0.27 


0.28 


0.28 


0.29 


0.30 


0.31 


0.32 


17 


0.13 


0.14 


0.15 


0.16 


0.18 


0.19 


0.20 


0.20 


0.21 


0.21 


0.22 


0.23 


0.23 


0.24 


17.5 


0.11 


0.12 


0.12 


0.14 


0.15 


0.16 


0.16 


0.17 


0.17 


0.18 


0.18 


0.19 0.19 


0.20 


18 


0.09 


0.10 


0.10 


0.11 


0.12 


0.13 


0.13 


0.14 


0.14 


0.14 


0.15 


0.15 0.15 


0.16 


19 


0.05 


0.05 


0.05 


0.06 


0.06 


0.06 


0.07 0.07 


0.07 


0.07 


0.08 


0.08 0.08 


0.08 




\dd— 


21 


0.04 


0.05 


0.06 


0.06 


0.06 


0.07 


0.07 


0.07 


0.07 


0.08 


0.08 


0.08 


0.08 


0.09 


22 


0.10 


0.10 


0.11 


0.12 


0.12 


0.13 


0.14 


0.14 


0.15 


0.15 


0.16 


0.16 


0.16 


0.16 


23 


0.16 


0.16 


0.17 


0.17 


0.19 


0.20 


0.21 


0.21 


0.22 


0.23 


0.24 


0.24 


0.24 


0.24 


24 


0.21 


0.22 


0.23 


0.24 


0.26 


0.27 


0.28 


0.29 


0.30 


0.31 


0.32 


0.32 


0.32 


0.32 


25 


0.27 


0.28 


0.30 


0.31 


0.32 


0.34 


0.35 


0.36 


0.38 


0.38 


0.39 


0.39 


0.40 


0.39 


26 


0.33 


0.34 


0.36 


0.37 


0.40 


0.40 


0.42 


0.44 


0.46 


0.47 


0.47 


0.48 


0.48 


0.48 


27 


0.40 


0.41 


0.42 


0.44 


0.46 


0.48 


0.50 


0.52 


0.54 


0.54 


0.55 


0.56 


0.56 


0.56 


28 


0.46 


0.47 


0.49 


0.51 


0.54 


0.56 


0.58 


0.60 


0.61 


0.62 


0.63 


0.64 


0.64 


0.64 


29 


0.54 


0.55 


0.56 


0.59 


0.61 


0.63 


0.66 


0.68 


0.70 


0.70 


0.71 


0.72 


0.72 


0.72 


30 


0.61 


0.62 


0.63 


0.66 


0.68 


0.71 


0.73 


0.76 


0.78 


0.78 


0.79 


0.80 


0.80 


0.81 


35 


0.99 


1.01 


1.02 


1.06 


1.10 


1.13 


1.16 


1.18 


1.20 


1.21 


1.22 


1.22 


1.23 


1.22 


40 


1.42 


1.45 


1.47 


1.51 


1.54 


1.57 


1.60 


1.62 


1.64 


1.65 


1.65 


1.65 


1.66 


1.65 


45 


1.91 


1.94 


1.96 


2.00 


2.03 


2.05 


2.07 


2.09 


2.10 


2.10 


2.10 


2.10 


2.10 


2.08 


50 


2.46 


2.48 


?.50 


2.53 


2.56 


2.57 


2.58 


2.59 


2.59 


2.58 


2.58 


2.57 


2.56 


2.52 


55 


3.05 


3.07 


3.09 


3.12 


3.12 


3.12 


3.12 


3.11 


3.10 


3.08 


3.07 


3.05 


3.03 


2.97 


60 


3.69 


3.72 


3.73 


3.73 


3.72 


3.70 


3.67 


3.65 


3.62 


3.60 


3.57 


3.54 


3.50 


3.43 


65 


4.4 


4.4 


4.4 


4.4 


4.4 


4.4 


4.3 


4.2 


4.2 


4.1 


4.1 


4.0 


4.0 


3.9 


70 


5.1 


5.1 


5.1 


5.0 


5.0 


5.0 


4.9 


4.8 


4.8 


4.7 


4.7 


4.6 


4.6 


4.4 


75 


6.1 


6.0 


6.0 


5.9 


5.8 


5.8 


5.7 


5.6 


5.5 


5.4 


5.4 


5.3 


5.2 


5.0 


80 


7.1 


7.0 


7.0 


6.9 


6.8 


6.7 


6.6 


6.4 


6.3 


6.2 


6.1 


6.0 


5.9 


5.6 



The above table may also be used with instruments that are standard at 17.5^C., as 
follows: Find the correction for reducing 20°C. in the usual way, and to this add the 
correction at 17.5°C. with the sign changed; i. e., regarded as positive. 

For example, if the instrument reads 20 per cent at 24**C., the correction to 17.5**C. 
is +0.26+0.15 =0.41, and the true per cent of sugar is 20.41. If it reads 20 per cent 
at 18°C., the correction to H.S^'C. is -0.12+0.15 = +0.03, and the true per cent of 
sugar is 20.03. If it reads 20 at 15''C., the correction is -0.28+0.15 = -0.13, and the 
true per cent of sugar is 19.87. 
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Degrees Brixy specific graoiiy, and degrees Baumi qf sugar solulions. 



DBGREBS 








DBORBES 








BlUX OR 


8PBCIFIC 


spBCinc 


nmiB^^iB 


BRIX OR 


SPBCIPIC 


SPBCIPIC 


^v^v^v ^s^BPn 


pmcwiT 

BY 


GRAVITY AT 

20«'C. 


GRAVITY AT 

2(rc. 


BAUIlft 

(MOiHJLUS 

146) 


PBRCBNT 

BY 

WKIOHT 

or 


GRAVITY AT 
20** C. 


GRAVITY AT 
20° C. 


DEuBKES 
BAUMft 

(modulus 


or 


4«» 


20° 


4« 


20° 


145) 


SUCROSE 








SUCROSE 








0.0 


0.99823 


1.00000 


0.00 


4.5 


1.01586 


1.01766 


2.52 


0.1 


0.99862 


1.00039 


0.06 


4.6 


1.01626 


1.01806 


2.57 


0.2 


0.99901 


1.00078 


0.11 


4.7 


1.01666 


1.01846 


2.63 


0.3 


0.99940 


1.00117 


0.17 


4.8 


1.01706 


1.01886 


2.68 


0.4 


0.99979 


1.00155 


0.22 


4.9 


1.01746 


1.01926 


2.74 


0.5 


1.00017 


1.00194 


0.28 


5.0 


1.01785 


1.01965 


2.79 


0.6 


1.00056 


1.00233 


0.34 


5.1 


1.01825 


1.02005 


2.85 


0.7 


1.00095 


1.00272 


0.39 


5.2 


1.01865 


1.02045 


2.91 


0.8 


1.00134 


1.00311 


0.45 


5.3 


1.01905 


1.02085 


2.96 


0.9 


1.00173 


1.00350 


0.51 


5.4 


1.01945 


1.02125 


3.02 


1.0 


1.00212 


1.00389 


0.56 


5.5 


1.01985 


1.02165 


3.07 


1.1 


1.00251 


1.00428 


0.62 


5.6 


1.02025 


1.02206 


3.13 


1.2 


1.00290 


1.00467 


0.67 


5.7 


1.02065 


1.02246 


3.18 


1.3 


1.00329 


1.00506 


0.73 


5.8 


1.02105 


1.02286 


3.24 


1.4 


1.00368 


1.00545 


0.79 


5.9 


1.02145 


1.02321 


3.30 


1.5 


1.00406 


1.00584 


0.84 


6.0 


1.02186 


1.02366 


3.35 


1.6 


1.00445 


1.00623 


0.90 


6.1 


1.02226 


1.02407 


3.41 


1.7 


1.00484 


1.00662 


0.95 


6.2 


1.02266 


1.02447 


3.46 


1.8 


1.00523 


1.00701 


1.01 


6.3 


1.02306 


1.02487 


3.52 


1.9 


1.00562 


1.00740 


1.07 


6.4 


1.02346 


1.02527 


3.57 


2.0 


1.00602 


1.00779 


1.12 


6.5 


1.02387 


1.02568 


3.63 


2.1 


1.00641 


1.00618 


1.18 


6.6 


1.02427 


1.02606 


3.69 


2.2 


1.00680 


1.00658 


1.23 


6.7 


1.02467 


1.02648 


3.74 


X3 


1.00719 


1.00697 


1.29 


6.8 


1.02506 


1.02689 


3.80 


2.4 


1.00759 


1.00936 


1.34 


6.9 


1.02548 


1.02729 


3.85 


2.5 


1.00797 


1.00976 


1.40 


7.0 


1.02588 


1.02770 


3.91 


2.6 


1.00836 


1.01015 


1.46 


7.1 


1.02629 


1.02810 


3.96 


2.7 


1.00676 


1.01054 


1.51 


7.2 


1.02669 


1.02851 


4.02 


2.8 


1.00915 


1.01093 


1.57 


7.3 


1.02710 


1.02892 


4.08 


2.9 


1.00954 


1.01133 


1.62 


7.4 


1.02750 


1.02932 


4.13 


3.0 


1.00993 


1.01172 


1.68 


7.5 


1.02791 


1.02973 


4.19 


3.1 


1.01033 


1.01211 


1.74 


7.6 


1.02832 


1.03013 


4.24 


3.2 


1.01072 


1.01251 


1.79 


7.7 


1.02872 


1.03054 


4.30 


3.3 


1.01112 


1.01290 


1.85 


7.8 


1.02913 


1.03095 


4.35 


3.4 


1.01151 


1.01330 


1.90 


7.9 


1.02954 


1.03136 


4.41 


3.5 


1.01190 


1.01369 


1.96 


8.0 


1.02994 


1.03176 


4.46 


3.6 


1.01230 


1.01409 


2.02 


8.1 


1.03035 


1.03217 


4.52 


3.7 


1.01269 


1.01448 


2.07 


8.2 


1.03076 


1.03258 


4.58 


3.8 


1.01309 


1.01488 


2.13 


8.3 


1.03116 


1.03299 


4.63 


3.9 


1.01348 


1.01528 


2.18 


8.4 


1.03157 


1.03340 


4.69 


4.0 


1.01388 


1.01567 


2.24 


8.5 


1.03198 


1.03381 


4.74 


4.1 


1.01428 


1.01607 


2.29 


8.6 


1.03239 


1.03422 


4.80 


4.2 


1.01467 


1.01647 


2.35 


8.7 


1.03280 


1.03463 


4.85 


4.3 


1.01507 


1.01687 


2.40 


8.8 


1.03321 


1.03504 


4.91 


4.4 


1.01547 


1.01726 


2.46 


8.9 


1.03362 


1.03545 


4.96 
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Id Degrees Brix, specific gravity, and degrees Baumk of sugar solutions. — Continued. 



DBOBBBS 








DBOKBBS 








MUX OR 


BPBCIPIC 


BPBaPIC 


■k^MSMK^itt 


BMXOR 


■PBCIPIC 


■PBCIPIC 


Vk^wiawHB 


PBROHUT 


OBAVITY AT 
20»C. 


ORAVITY AT 

20«C. 


BAUMi 

(MODUUU8 


PBKCVrr 


GRAVITY AT 

20* C. 


ORAVITT AT 

20* C. 


BAinni 

(moduiaib 


WaiOHT 
OP 


*• 


20» 


14£) 


WBIOilT 
OP 


4* 


20» 


146) 


0VCIIO8B 








0UCBO0B 








9.0 


1.03403 


1.03586 


5.02 


13.5 


1.05278 


1.05464 


7.51 


9.1 


1.03444 


1.03627 


5.07 


13.6 


1.05320 


1.05506 


7.57 


9.2 


1.03485 


1.03668 


5.13 


13.7 


1.05363 


1.05549 


7.62 


9.3 


1.03526 


1.03709 


5.19 


13.8 


1.05405 


1.05591 


.7.68 


9.4 


1.03567 


1.03750 


5.24 


13.9 


1.05448 


1.05634 


7.73 


9.5 


1.03608 


1.03792 


5.30 


14.0 


1.05490 


1.05677 


7.79 


9.6 


1.03649 


1.03833 


5.35 


14.1 


1.05532 


1.05719 


7.84 


9.7 


1.03691 


1.03874 


5.41 


14.2 


1.05575 


1.05762 


7.90 


9.8 


1.03732 


1.03915 


5.46 


14.3 


1.05618 


1.05804 


7.96 


9.9 


1.03773 


1.03957 


5.52 


14.4 


1.05660 


1.05847 


8.01 


10.0 


• 

1.03814 


1.03998 


5.57 


14.5 


1.05703 


1.05890 


8.07 


10.1 


1.03856 


1.04039 


5.63 


14.6 


1.05746 


1.05933 


8.12 


10.2 


1.03897 


1.04081 


5.68 


14.7 


1.05788 


1.05975 


8.18 


10.3 


1.03938 


1.04122 


5.74 


14.8 


1.05831 


1.06018 


8.23 


10.4 


1.03980 


1.04164 


5.80 


14.9 


1.05874 


1.06061 


8.29 


10.5 


1.04021 


1.04205 


5.85 


15.0 


1.05916 


1.06104 


8.34 


10.6 


1.04063 


1.04247 


5.91 


15.1 


1.05959 


1.06147 


8.40 


10.7 


1.04104 


1.04288 


5.96 


15.2 


1.06002 


1.06190 


8.45 


10.8 


1.04146 


1.04330 


6.02 


15.3 


1.06045 


1.06233 


8.51 


10.9 


1.04187 


1.04371 


6.07 


15.4 


1.06068 


1.06276 


8.56 


11.0 


1.04229 


1.04413 


6.13 


15.5 


1.06131 


1.06319 


8.62 


11.1 


1.04270 


1.04455 


6.18 


15.6 


1.06174 


1.06362 


8.67 


11.2 


1.04312 


1.04497 


6.24 


15.7 


1.06217 


1.06405 


8.73 


11.3 


1.04354 


1.04538 


6.30 


15.8 


1.06260 


1.06448 


8.78 


11.4 


1.04395 


1.04580 


6.35 


15.9 


1.06803 


1.06491 


8.84 


11.5 


1.04437 


1.04622 
1.04M4 


6.41 


16.0 


1.06346 


1.06534 


8.89 


11.6 


1.04479 


6.46 


16.1 


1.06389 


1.06577 


8.05 


11.7 


1.04521 


1.04706 
1.04747 


e.52 


16.2 


1.06432 


1.06621 


9.00 


11.8 


1.04562 


6.57 


16.3 


1.06476 


1.06664 


9.06 


11.9 


1.04664 


1.04789 


6.63 


16.4 


1.06519 


1.06707 


9.11 


12.0 


1.04646 
1. 04688 


1.04831 


6.68 


16.5 


1.06562 
1.06605 


1.06751 


9.17 


12.1 


1.04873 


6.74 


16.6 


1.06794 


9.22 


12.2 


1.04730 


1.04915 


6.79 


16.7 


1.06649 
1.06692 


1.06837 


9.28 


12.3 


1.04772 


1.04957 


6.85 


16.8 


1.06881 


9.33 


12.4 


1.04814 


1.04999 


6.90 


16.9 


1.06736 


1.06924 


9.39 


12.5 


1.04856 


1.05041 


6.96 


17.0 


1.06779 


1.06968 


9.45 


12.6 


1.04898 


1.05084 


7.02 


17.1 


1.06822 


i.oroii 


9.50 


12.7 


1.04940 


1.05126 


7.07 


17.2 


1.06866 


1.07055 


9.56 


12.8 


1.04982 


1.05168 


7.13 


17.3 


1.06909 


1.07098 


9.61 


12.9 


1.05024 


1.05210 


7.18 


17.4 


1.06953 


1.07142 


9.67 


13.0 


1,05066 


1.05252 


7.24 


17.5 


1.06996 


1.07186 


"9.72 


13.1 


1.05109 


1.05295 


7.29 


17.6 


1.07040 


1.07229 


9.78 


13.2 


1.05151 


1.05337 


7.35 


17.7 


1.07084 


1.07273 


9.83 


13.3 


1.05193 


1.05379 


7.40 


17.8 


1.07127 


1.07317 


9.89 


13.4 


1.05236 


1.05422 


7.46 


17.9 


1.07171 


1.07361 


9.94 
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Id Degrees Brix, specific gravity^ and degrees BaumS of sugar solutions. — Continued. 



DBORBBS 
BRIX OR 

pmcBirr 

BY 


aPBcinG 

GRAVITY AT 

20* C. 


SPBCIPIC 
GRAVITY AT 

2(y»c. 

20" 


BAunrt 

(modulus 

145) 


DBGRBBS 

BRIX OR 

PBBCBlfT 

BY 

WBtOBT 

or 

SUCROBB 


sPBcinc 

GRAVITY AT 
200 c. 


8PBCEFIC 

GRAVITY AT 
20*»C. 


DB6RBB8 
BAUMi 

(modulus 


WBIOBT 

or 

SUCROSE 


4*> 


4« 


2ff* 


146) 


18.0 
18.1 
18.2 
18.3 
18.4 


1.07215 
1.07258 
1.07302 
1.07^6 
1.07390 


1.07404 
1.07448 
1.07492 
1.07536 
1.07580 


10.00 
10.05 
10.11 
10.16 
10.22 


22.5 
22.6 
22.7 
22.8 
22.9 


1.09216 
1.09261 
1.09306 
1.09351 
1.09397 


1.09409 
1.09454 
1.09499 
1.09545 
1.09590 


12.47 
12.52 
12.58 
12.63 
12.69 


18.5 
18.6 
18.7 
18.8 
18.9 


1.07434 
1.07478 
1.07523 
1.07566 
1.07610 


1.07624 
1.07668 
1.07712 
1.07756 
1.07800 


10.27 
10.33 
10.38 
10.44 
10.49 


23.0 
23.1 
23.2 
23.3 
23.4 


1.09442 
1.09487 
1.09533 
1.09578 
1.09624 


1.09636 
1.09681 
1.09727 
1.09772 
1.09818 


12.74 
12.80 
12.85 
12.91 
12.96 


19.0 
19.1 
19.2 
19.3 
19.4 


1.07654 
1.07698 
I.0ra2 


1.07844 
1.07888 
1,07932 
1.07977 
1.08021 


10.55 
10.60 
10.66 
10.71 
10.77 


23.5 
23.6 
23.7 
23.8 
23.9 


1.09669 
1.09715 
1.09760 
1.09806 
1.09851 


1.09863 
1.00909 
1.09954 
1.10000 
1.10046 


13.02 
13.07 
13.13 
13.18 
13.24 


19.5 
19.6 
19.7 
19.8 
19.9 


1:07^9 
1.07963 
1,08007 
1.08052 


1.08065 
1.08110 
1.08154 
1.08198 
1.08243 


10.82 
10.88 
10.93 
10.99 
11.04 


24.0 
24.1 
24.2 
24.3 
24.4 


1.00897 
1.09943 
L00989 
1.10034 
1.10080 


1.10002 

1.10137 
1.10183 
1.10229 
1.10275 


13.29 
1^.35 
13.40 
13.46 
13.51 


20.0 
20.1 
20.2 
20.3 
20.4 


1.08006 
1^140 
1.06185 
1.08229 
1.08274 


1.08287 
1.08332 
1.08376 
1.08421 
1.08465 


11.10 
11.15 
11.21 
11.26 
11.32 


24.5 
24.6 
24.7 
24.8 
24.9 


1.10126 
1.10172 
1.10218 
1.10264 
1.10310 


1.10321 
1.10367 
1.10413 
1.10459 
1.10505 


13.57 
13.62 
13.67 
13.73 
13.78 


20.5 
20.6 
20.7 
20.8 
20.9 


1.0R318 
1.08363 
1.08407 
1.0&152 
1.08497 


1.08510 
1.08554 
1.08599 
1.08644 
1.08689 


11.37 
11.43 
11.48 
11.54 
11.59 


25.0 
25.1 
25.2 
25.3 
25.4 


1.10356 
1.10402 
1.1044$ 
1.10494 
1.10540 


1,10551 
1.10597 
1.10643 
140689 
1.10736 


13.84 
13.89 
13.95 
14.00 
14.06 


21.0 
21.1 
21.2 
21.3 
21.4 


1.08541 
1.08586 
1.08631 
1.08676 
1.06720 


1.08733 
1.08778 
1.08823 
1.0886^ 
1.0891? 


11.65 
11.70 
11.76 
11.81 
11.87 


25.5 
25.6 
25.7 
25.8 
25.9 


1.10586 
1.10633 
1.10679 
1,10725 
1.10771 


1.10782 
1.10828 
1.10874 
140921 
1.10967 


1441 
14.17 
14.22 
14.28 
14.33 


21.5 
21.6 
21.7 
21.8 
21.9 


1.08765 
1.08810 
1.08855 
L08900 
1.08945 


1.08958 
1.00003 
1.09048 
1.09093 
1.00138 


11.02 
11.98 
12.03 
12.09 
12.14 


26.0 
26.1 
26.2 
26.3 
26.4 


1.10818 
1.10864 
1.10910 
1.10957 
1.11003 


1.11014 
1.11060 
141106 
1.11153 
141200 


14.39 
14.44 
14.49 
14.55 
14.60 


22.0 
22.1 
22.2 
22.3 
22.4 


1.08990 
1.09035 
1.0908d 
1.09125 
1.09170 


1.09183 
1.09228 
1.09273 
1.0931S 
1.00364 


12.20 
12.25 
12.31 
12.36 
12.42 


26.5 
26.6 
26.7 
36.8 
26.9 


1.11050 
1.11096 
1.11143 
1.11190 
1.1123^ 


1.11246 
1.11293 
1.11339 
1.11386 
1.11433 


14.66 
14.71 
14.77 
14.82 
14.88 
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Id Degrees Brix, specific gravity , and degrees Btuimk of sugar soluiions, — ^Continued. 



DBGMSBS 
















BRIX OB 


SPEcanc 


SPBCIFIC 


Vk^MlBB^a 


BRIX OR 


WBCIPTC 


sPBanc 


■^IBtfV^D^ia 


PBBCBNT 
BY 


GRAVITY AT 

20'C. 


GRAVITY AT 
200 C. 


dbuubbb 

BAintft 
(modulus 

146) 


PBRCBNT 

BY 

WBIOBT 

OP 


GRAVITY AT 

20* C. 


GRAVITY AT 

20" C. 


VBORBBB 
BAtiMA 

(modulus 


WEIOBT 
OP 


4" 


20" 


4*» 


20* 


146) 


8UCBOSB 








nVCROBB 








27.0 


1.11283 


1.11480 


14.93 


31.5 


1.13418 


1.13619 


17.38 


27.1 


1.11330 


1.11526 


14.99 


31.6 


1.13466 


1.13667 


17.43 


27.2 


1.11376 


1.11573 


15.04 


31.7 


1.13515 


1.13715 


17.49 


27.3 


1.11423 


1.11620 


15.09 


31.8 


1.13563 


1.13764 


17.54 


27.4 


1.11470 


1.11667 


15.15 


31.9 


1.13611 


1.13812 


17.60 


27.5 


1.11517 


1.11714 


15.20 


32.0 


1.13660 


1.13861 


17.65 


27.6 


1.11564 


1.11761 


15.26 


32.1 


1.13708 


1.13909 


17.70 


27.7 


1.11610 


1.11808 


15.31 


32.2 


1.13756 


1.13958 


17.76 


27.8 


1.11667 


1.11855 


15.37 


32.3 


1.13805 


1.14006 


17.81 


27.9 


1.11704 


1.11902 


15.42 


32.4 


1.13853 


1.14055 


17.87 


28.0 


1.11751 


1.11949 


15.48 


32.5 


1.13902 


1.14103 


17.92 


28.1 


1.11798 


1.11996 


15.53 


32.6 


1.13951 


1.14152 


17.98 


28.2 


1.11845 


1.12043 


15.59 


32.7 


1.13999 


1.14201 


18.03 


28.3 


1.11892 


1.12090 


15.64 


32.8 


1.14048 


1.14250 


18.08 


28.4 


1.11940 


1.12138 


15.69 


32.9 


1.14097 


1.14298 


18.14 


28.5 


1.11987 


1.12185 


15.75 


33.0 


1.14145 


1.14347 


18.19 


28.6 


1.12034 


1.12232 


15.80 


33.1 


1.14194 


1.14396 


18.25 


28.7 


1.12081 


1.12280 


15.86 


33.2 


1.14243 


1.14445 


18.30 


28.8 


1.12128 


1.12327 


15.91 


33.3 


1.14292 


1.14494 


18.36 


28.9 


1.12176 


1.12374 


15.97 


33.4 


1.14340 


1.14543 


18.41 


29.0 


1.12223 


1.12422 


16.02 


33.5 


1.14389 


1.U592 


18.46 


29.1 


1.12270 


1.12469 


16.08 


33.6 


1.14438 


1.14641 


18.52 


29.2 


1.12318 


1.12517 


16.13 


33.7 


1.14487 


1.14690 


18.57 


29.3 


1.12365 


1.12564 


16.18 


33.8 


1.14536 


1.14739 


18.63 


29.4 


1.12413 


1.12612 


16.24 


33.9 


1.14585 


1.14788 


18.68 


29.5 


1.12460 


1.12659 


16.29 


34.0 


1.14634 


1.14837 


18.73 


29.6 


1.12508 


1.12707 


16.35 


34.1 


1.14684 


1.14886 


18.79 


29.7 


1.12556 


1.12755 


16.40 


34.2 


1.14733 


1.14936 


18.84 


29.8 


1.12603 


1.12802 


16.46 


34.3 


1.14782 


1.14985 


18.90 


29.9 


1.12651 


1.12850 


16.51 


34.4 


1.14831 


1.15034 


18.95 


30.0 


1.12698 


1.12898 


16.57 


34.5 


1.14880 


1.15084 


19.00 


30.1 


1.12746 


1.12946 


16.62 


34.6 


1.14930 


1.15133 


19.06 


30.2 


1.12794 


1.12993 


16.67 


34.7 


1.14979 


1.15183 


19.11 


30.3 


1.12842 


1.13041 


16.73 


34.8 


1.15029 


1.15232 


19.17 


30.4 


1.12890 


1.13089 


16.78 


34.9 


1.15078 


1.15282 


19.22 


30.5 


1.12937 


1.13137 


16.84 


35.0 


1.15128 


1.15331 


19.28 


30.6 


1.12985 


1.13185 


16.89 


35.1 


1.15177 


1.15381 


19.33 


30.7 


1.13033 


1.13233 


16.95 


35.2 


1.15226 


1.15430 


19.38 


30.8 


1.13081 


1.13281 


17.00 


35.3 


1.15276 


1.15480 


19.44 


30.9 


1.13129 


1.13329 


17.05 


35.4 


1.15326 


1.15630 


19.49 


31.0 


1.13177 


1.13378 


17.11 


35.5 


1.16375 


1.15679 


19.55 


31.1 


1.13225 


1.13426 


17.16 


35.6 


1.15425 


1.15629 


19.60 


31.2 


1.13274 


1.13474 


17.22 


35.7 


1.15475 


1.15679 


19.65 


31.3 


1.13322 


1.13522 


17.27 


35.8 


1.15524 


1.15729 


19.71 


31.4 


1.13370 


1.13570 


17.33 


35.9 


1.15674 


1.15778 


19.76 
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10 Degrees Brix, specific grwfUy, and degrees Bawnk of sugar sohUions. — Continued. 



DBOIIKB8 








DBOBBB8 








Blux on 


SPBCIFIC 


spBcmc 


■^^MlB^KM 


BBIX OB 


spBonc 


8PBCIPIC 


nRARKKll 


PBRCBNT 
BY 


ORAVmr AT 


GRAVITT AT 

2<rc. 


BAUlci 

(modulus 

146) 


PBBCBNT 

BY 

WBIOBT 


QBAVITY AT 

2<y»c. 


OBAVITY AT 

20* C. 


BAUMi^ 

(modulus 


WBIOHT 
OF 


4*» 


20* 


4° 


20« 


145) 


sucnosB 








01K:BO8B 








36.0 


1.15624 


1.15828 


19.81 


40.5 


1.17901 


1.18110 


22.23 


36.1 


1.15674 


1.15878 


19.87 


40.6 


1.17953 


1.18162 


22.29 


36.2 


1.16724 


1.15928 


19.92 


40.7 


1.18004 


1.18213 


22.34 


36.3 


1.15773 


1.15978 


19.98 


40.8 


1.18056 


1.18265 


22.39 


36.4 


1.15823 


1.16028 


20.03 


40.9 


1.18108 


1.18316 


22.45 


36.5 


1.16873 


1.16078 


20.08 


41.0 


1.18159 


1.18368 


22.50 


36.6 


1.15923 


1.16128 


20.14 


41.1 


1.18211 


1.18420 


22.55 


36.7 


1.15973 


1.16178 


20.19 


41.2 


1.18262 


1.18472 


22.61 


36.8 


1.16023 


1.16228 


20.25 


41.3 


1.18314 


1.18524 


22.66 


36.9 


1.16073 


1.16279 


20.30 


41.4 


1.18366 


1.18575 


22.72 


37.0 


1.16124 


1.16329 


20.35 


41.5 


1.18418 


1.18627 


22.77 


37.1 


1.16174 


1.16379 


20.41 


41.6 


1.18470 


1.18679 


22.82 


37.2 


1.16224 


1.16430 


20.46 


41.7 


1.18522 


1.18731 


22.88 


37.3 


1.16274 


1.16480 


20.52 


41.8 


1.18573 


1.18783 


22.93 


37.4 


1.16324 


1.16530 


20.57 


41.9 


1.18625 


1.18835 


22.98 


37.6 


1.16375 


1.16581 


20.62 


42.0 


1.18677 


1.18887 


23.04 


37.6 


1.16425 


1.16631 


20.68 


42.1 


1.18729 


1.18939 


23.09 


37.7 


1.16476 


1.16682 


20.73 


42.2 


1.18781 


1.18992 


23.14 


37.8 


1.16526 


1.16732 


20.78 


42.3 


1.18834 


1.19044 


23.20 


37.9 


1.16576 


1.16783 


20.84 


42.4 


1.18886 


1,19096 


23.25 


38.0 


1.16627 


1.16833 


20.89 


42.5 


1.18938 


1.19148 


23.30 


38.1 


1.16678 


1.16884 


20.94 


42.6 


1.18990 


1.19201 


23.36 


38.2 


1.16728 


1.16934 


21.00 


42.7 


1.19042 


1.19253 


23.41 


38.3 


1.16779 


1.16985 


21.05 


42.8 


1.19095 


1.19305 


23.46 


38.4 


1.16829 


1.17036 


21.11 


42.9 


1.19147 


1.19358 


23.52 


38.5 


1.16880 


1.17087 


21.16 


43.0 


1.19199 


1.19410 


23.57 


38.6 


1.16931 


1.17138 


21.21 


43.1 


1.19252 


1.19463 


23.62 


88.7 


1.10982 


1.17188 


21.27 


43.2 


1.19304 


1.19515 


23.68 


38.8 


1.17032 


1.17239 


21.32 


43.3 


1.19356 


1.19568 


23.73 


38.9 


1.17083 


1.17290 


21.38 


43.4 


1.19409 


1.19620 


23.78 


39.0 


1.17134 


1.17341 


21.43 


43.5 


1.19462 


1.19673 


23.84 


39.1 


1.17183 


1.17392 


21.48 


43.6 


1.19514 


1.19726 


23.89 


39.2 


1.17236 


1.17443 


21.54 


43.7 


1.19567 


1.19778 


23.94 


39.3 


1.17287 


1.17494 


21.59 


43.8 


1.19619 


1.19831 


24.00 


• 39.4 


1.17338 


1.17545 


21.64 


43.9 


1.19672 


1.19884 


24.05 


39.5 


1.17389 


1.17596 


21.70 


44.0 


1.19725 


1.19936 


24.10 


39.6 


1.17440 


1.17648 


21.75 


44.1 


1.19778 


1.19969 


24.16 


39.7 


1.17491 


1.17699 


21.80 


44.2 


1.19830 


1.20042 


24.21 


39.8 


1.17542 


1.17750 


21.86 


44.3 


1.19883 


1.20095 


24.26 


39.9 


1.17594 


1.17802 


21.91 


44.4 


1.19936 


1.20148 


24.32 


40.0 


1.17645 


1.17853 


21.97 


44.5 


1.19969 


1.20201 


24.37 


40.1 


1.17606 


1.17904 


22.02 


44.6 


1.20042 


1.20254 


24.42 


40.2 


1.17747 


1.17956 


22.07 


44.7 


1.20095 


1.20307 


24.4S 


40.3 


1.17799 


1.18007 


22.13 


44.8 


1.20148 


1.20360 


24.53 


40.4 


1.17850 


1.18058 


22.18 


44.9 


1.20201 


1.20414 


24.58 
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10 Degrees Brix, specific gravity, and degrees Bawni of sugar jodi/iofu.— Coatinued. 



DBGI1BB8 








DRSBBBS 








BRIX OR 

pmcBirr 

BY 


SPBCIPIC 
GRAVITY AT 

acre. 


wacinc 

CRAVITr AT 

2cyc. 


DBORBE8 
BAUMft 

(moduluh 

146) 


BBIX OR 

rmcBNT 

BT 
WKIOHT 

or 


■PBonc 
ORAvirr AT 

acre. 


■PBcinc 

OBAVITV AT 

a(y»c. 


DBGRBBS 

BAinrt 
(moduli;! 


WW ^^M^MWM M 

or 


4' 


2(y» 


4« 


20« 


145) 


BUCBOBB 








SUCH08B 








45.0 


1.20254 


1.20467 


24.63 


49.5 


1.22682 


1.22899 


27.02 


45.1 


1.20307 


1.20520 


24.69 


49.6 


1.22737 


1.22954 


27.07 


45.2 


1.20360 


1.20573 


24.74 


49.7 


1.22792 


1.23009 


27.12 


45.3 


1.20414 


1.20627 


24.79 


49.8 


1.22847 


1.23064 


27.18 


45.4 


1.20467 


1.20680 


24.85 


49.9 


1.22902 


1.23119 


27.23 


45.5 


1.20520 


1.20733 


24.90 


50.0 


1.22957 


1.23174 


27.28 


45.6 


1.20573 


1.20787 


24.95 


50.1 


1.23012 


1.23229 


27.33 


45.7 


1.20627 


1.20840 


25.01 


50.2 


1.23067 


1.23284 


27.39 


45.8 


1.20680 


1J30894 


25.06 


50.3 


1.23122 


1.23340 


27.44 


45.9 


1.20734 


1.20947 


25.11 


50.4 


1.23177 


1.23395 


27.49 


46.0 


1.20787 


1J21001 


25.17 


50.5 


1.23232 


1.23450 


27.64 


46.1 


1.20840 


1.21054 


25.22 


50.6 


1.23287 


1.23506 


27.60 


46.2 


1.20894 


1.21108 


25.27 


50.7 


1.23343 


1.23561 


27.65 


46.3 


1.20948 


1.21162 


25.32 


50.8 


1.23398 


1.23616 


27.70 


46.4 


1.21001 


1.21215 


25.38 


50.9 


1.23453 


1.23672 


27.75 


46.5 


1.21055 


1.21269 


25.43 


51.0 


1J23508 


1.23727 


27.81 


46.6 


1.21109 


1.21323 


25.48 


51.1 


1.23564 


1.23782 


27.86 


46.7 


1.21162 


1.21377 


25.54 


51.2 


1.23619 


1.23838 


27.91 


46.8 


1.21216 


1.21431 


25.59 


5K3 


1.23675 


1.23894 


27.96 


46.9 


1.21270 


1.21484 


25.64 


51.4 


1.23730 


1.23949 


28.02 


47.0 


1.21324 


1.21538 


25.70 


51.5 


1.23786 


1.24005 


28.07 


47.1 


1.21378 


1.21592 


25.76 


51.6 


1.23841 


1.24060 


28.12 


47.2 


1.21432 


L21646 


25.80 


51.7 


1.23897 


1.24116 


28.17 


47.3 


1.21486 


1.21700 


25.86 


51.8 


1.23953 


IJ24172 


28.23 


47.4 


1.21540 


1.21755 


25.91 


51.9 


1.24008 


1.24228 


28.28 


47.5 


1J31594 


1»21809 


25.96 


52.0 


1.24064 


1.24284 


28.33 


47.6 


1.21648 


1.21863 


26.01 


52.1 


1.24120 


1.24339 


28.38 


47.7 


1.21702 


L21917 


26.07 


52.2 


1.24176 


1.24395 


28.44 


47.8 


1.21756 


1.21971 


26.12 


52.3 


1.24232 


1.24451 


28.40 


47.9 


1.21810 


1.22026 


26.17 


52.4 


1.2^287 


i .34607 


28.54 


48.0 


1421864 


1.22080 


26.23 


52.5 


1.24343 


1.94569 


28^ 


48.1 


1.21918 


1.22134 


26.28 


52.6 


1.24399 


1.24619 


28.65 


48.2 


1.21973 


1.22189 


26.33 


52.7 


1.24455 


1.24675 


28.70 


48.3 


1.22027 


1.22243 


26:38 


52.8 


1.24511 


1.24731 


28.75 


48.4 


1.22082 


1.22298 


26.44 


52.9 


1.24567 


1.24788 


28.80 . 


48.5 


1.22136 


1.22352 


26.49 


53.0 


1.24623 


1.24844 


28.86 


48.6 


1.22190 


1.22406 


26.54 


53.1 


1.24680 


1.24900 


28.91 


48.7 


1.22245 


1.22461 


26.50 


53.2 


1.24736 


1.24966 


28.96 


48.8 


1.22300 


1.22516 


26.65 


53.3 


1.24792 


1.26013 


29.01 


48.9 


1,22354 


1.2257Q 


26.70 


53.4 


1.24848 


1.26069 


29.06 


49.0 


1.22409 


1.22625 


26.75 


53.5 


1.24^5 


1.26126 


29.12 


49.1 


1.22463 


1.22680 


26.81 


63.6 


1.24961 


1.25182 


29.17 


49.2 


1.22518 


1.22735 


26.86 


W.7 


1.25017 


1.25:^ 


29J22 


49.3 


1.22573 


1.22789 


26.91 


53.8 


1.25074 


1.26295 


29.27 


49.4 


1.22627 


1.22844 


26.96 


53.9 


1.25130 


1.26361 


29.32 
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10 Degrees Brixt specific graeity, and degrees BaumS of sugar sokUions. — Coatiaued. 



DBOMBBS 








DBOBBBS 








BBix on 


SMKUnC 


■PBcmc 


nnnttRKfl 


BRIX OR 


aPBCuPic 


■PBCtfIC 


fW^l^^^M 


PBR CBNT 


OBAVITV AT 


ORAV1TY AT 


If DUnBDO 

BAUMi 


PBR CBNT 


OBAVITV AT 


ORAVITV AT 


DBuREBS 


BY 


ao»c. 


'20* C. 


BY 


20«C. 


20«»C. 


BAUMft 

/ 


VftrflW^VWMk 






(modulus 

146) 


OF 






(MODULUS 


WBIOIIT 
OP 


4» 


20» 


4* 


20» 


145) 


8UCB08B 








SUCROSB 








54.0 


1.25187 


1.25408 


29.38 


58.5 


1.27768 


1.27994 


31.71 


54.1 


1.25243 


1.25465 


29.43 


58.6 


1.27826 


1.28052 


31.76 


54.2 


1.25300 


1.25521 


29.48 


58.7 


1.27884 


1.28111 


31.82 


54.3 


1.25356 


1.25578 


29.53 


58.8 


1.27943 


1.28169 


31.87 


54.4 


1.25413 


1.25635 


29.59 


58.9 


1.28001 


1.28228 


31.92 


54.5 


1.25470 


1.25692 


29.64 


59.0 


1.28060 


1.28286 


31,97 


54.6 


1.25526 


1.25748 


29.69 


59.1 


1.28118 


1.28345 


32.02 


54.7 


1.25583 


1.25805 


29.74 


59.2 


1.28176 


1.28404 


32.07 


54.8 


1.25640 


1.25862 


29.80 


59.3 


1.28235 


1.28462 


32.13 


54.9 


1.25697 


1.25919 


29.85 


59.4 


1.28294 


1.28520 


32.18 


55.0 


1.25754 


1.25976 


29.90 


59.5 


1.28352 


1.28579 


32.23 


55.1 


1.25810 


1.26033 


29.95 


59.6 


1.28411 


1.28638 


32.28 


55.2 


1.25867 


1.26090 


30.00 


59.7 


1.28469 


1.28697 


32.33 


55.3 


1.25924 


1.26147 


30.06 


59.8 


1.28528 


1.28755 


82.38 


55.4 


1.25982 


1.26204 


30.11 


59.9 


1.28587 


1.28814 


32.43 


55.5 


1.26039 


1.26261 


30.16 


60.0 


1.28646 


1.28878 


32.49 


56.6 


1.26096 


1.26319 


30.21 


60.1 


1.28704 


1.28932 


32.54 


56.7 


1.26153 


1.26376 


30.26 


60 J2 


1.28763 


1.28991 


32.59 


55.8 


1.26210 


1.26433 


30.32 


60.3 


1.28^22 


1.29050 


32.64 


55.9 


1.26267 


1.26490 


30.37- 


60.4 


1.28881 


1.29109 


32.69 


56.0 


1.26324 


1.36548 


dO.42 


60.5 


1.28940 


1.29168 


32.74 


56.1 


1.26382 


1.26605 


30.47 


60.6 


1.28999 


1.29227 


32.79 


56.2 


1.26439 


1.26663 


30.52 


60.7 


1.29058 


1.29286 


32.85 


56.3 


1.26496 


1.26720 


30^7 


60.8 


1.29U7 


1.29346 


32.90 


56.4 


1.26554 


1.2A778 


30.63 


60.9 


1.29176 


1.29405 


32.95 


56.5 


1.26611 


1.26835 


30.68 


61.0 


1.29235 


1.29464 


38.00 


56.6 


1.26669 


1.26893 


30.73 


61.1 


1.29295 


1.29528 


38.05 


56.7 


1.26726 


1.26950 


30.78 


61.2 


1.29354 


1.29588 


33.10 


56.8 


1.26784 


1.27008 


30.83 


61.3 


1.29418 


1.29642 


33.15 


56.9 


1.26841 


1.27066 


30.89 


61.4 


1.29472 


1.29701 


33.20 


•67.0 


1.20899 


1.27123 


30.9^ 


61.5 


1.29532 


1.29761 


38.26 


57.1 


1.26956 


1.27181 


30.99 


61.6 


1.29591 


1.29820 


33.31 


57.2 


1.27014 


1.27239 


31.04 


61.7 


1.29651 


1.29880 


33.36 


57.3 


1.27072 


1.27297 


31.09 


61.8 


1.29710 


1.29940 


33.41 


57.4 


1.27130 


1.27355 


31.15 


61.9 


1.29770 


1.29999 


38.46 


57.5 


1.27188 


1.27413 


31.20 


62.0 


1.29829 


1.30059 


33.51 


57.6 


1.27246 


1.27471 


31.25 


62.1 


1.29889 


1.30118 


33.56 


57,7 


1.27304 


1.27529 


31.30 


62.2 


1.29948 


1.30178 


33.61 


57.8 


1.27361 


1.27587 


31.35 


62.3 


1.30008 


1.30238 


33.67 


57.9 


1.27419 


1.27645 


31.40 


62.4 


1.30068 


1.30298 


33.72 


58.0 


1.27477 


1.27708 


31.46 


62 Ji 


1.30127 


1.30858 


33.77 


58.1 


1.27535 


1.27761 


31.51 


62.« 


1.30187 


1.30418 


33.82 


58.2 


1.27594 


1.27819 


31.56 


62.7 


1.30247 


1.30477 


33.87 


58.3 


1.27652 


1.27878 


31.61 


•2.8 


1.30307 


1.30537 


33.92 


58.4 


1.27710 


1.27936 


31.66 


62.9 


1.30367 


1.30597 


33.97 
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BfETHODS OP ANALYSIS 



IXXX 



10 Degrees Brix, specific gravUy, and degrees Banmlk cf sugar sokUions. — Continued. 



DBOREBS 








DBORBBS 








BlUX OR 


aPBCiPic 


8PBCIP1C 




BBIX OR 


■PBcmc 


flpBonc 




PBBCBNT 


GRATITY AT 


GBAVITT AT 


(modulus 

145) 


PBBCBNT 


OBATirr AT 


OBATTTT AT 


DBORBBS 

baumA 
(moduujs 


BY 


20* C. 


20«C. 


BT 

WBIGHT 

OP 


20»C. 


20»C. 


WBIGHT 
OP 


4*» 


20» 


4« 


20» 


145) 


sucnosB 








SVCROBB 








63.0 


1.30427 


1.30657 


34.02 


67.5 


1.33168 


1.33300 


36.30 


63.1 


1.30487 


1.30718 


34.07 


67.6 


1.33225 


1.33460 


36.35 


63.2 


1.30547 


1.30778 


34.12 


67.7 


1.33287 


1.33523 


36.40 


63.3 


1.30607 


1.30838 


34.18 


67.8 


1.33348 


1.33584 


36.45 


63.4 


1.30667 


1.30898 


34.23 


67.9 


1.38410 


1.33646 


36.50 


63.5 


1.30727 


1.30958 


34.28 


68.0 


1.33472 


1.33708 


36.55 


63.6 


1.30787 


1.31019 


34.33 


68.1 


1.33534 


1.33770 


36.61 


63.7 


1.30848 


1.31079 


34.38 


68.2 


1.33596 


1.33832 


36.66 


63.8 


1.30908 


1.31139 


34.43 


68.3 


1.33658 


1.33804 


36.71 


63.0 


1.30968 


1.31200 


34.48 


68.4 


1.33720 


1.33057 


36.76 


64.0 


1.31028 


1.31260 


34.53 


68.5 


1.33782 


1.34010 


36.81 


64.1 


1.31088 


1.31320 


34.58 


68.6 


1.33844 


1.34061 


36.86 


64.2 


1.31149 


1.31381 


34.63 


68.7 


1.33906 


1.34143 


36.01 


64.3 


1.31209 


1.31441 


34.68 


68.8 


1.33968 


1.34205 


36.06 


64.4 


1.31270 


1.31502 


34.74 


68.9 


1.34031 


1.34268 


37.01 


64.5 


1.31330 


1.81563 


34.79 


69.0 


1.34008 


1.84830 


37.06 


64.6 


1.31391 


1.31623 


34.84 


69.1 


1.34155 


1.34302 


37.11 


64.7 


1.31452 


1.31684 


34.89 


69.2 


1.34217 


1.34455 


37.16 


64.8 


1.31512 


1.31745 


34.94 


69.3 


1.34380 


1.34517 


37.21 


64.9 


1.31573 


1.31806 


34.99 


69.4 


1.34342 


1.34580 


37.26 


66.0 


1.31633 


1.31866 


35.04 


69.5 


1.34405 


1.34642 


37.31 


65.1 


1.31694 


1.31927 


35.09 


69.6 


1.34467 


1.34705 


37.36 


65.2 


1.31755 


1.31988 


35.14 


69.7 


1.34530 


1.34768 


37.41 


65.3 


1.31816 


1.32049 


35.19 


69.8 


1.34502 


1.34830 


37.46 


65.4 


1.31877 


1.32110 


35.24 


69.9 


1.34655 


A.o4oUv 


37.51 


65.5 


1.31037 


1.32171 


35.20 


70.0 


1.34717 


1.34056 


37.56 


65.6 


1.31096 


1.32232 


35.34 


70.1 


1.34780 


1.35010 


37.61 


65.7 


1.32059 


1.32293 


35.30 


70.2 


1.34843 


1.35061 


37.66 


65.8 


1.32120 


1.32354 


35.45 


70.3 


1.34006 


1.35144 


37.71 


65.9 


1.32181 


1.32415 


35.50 


70.4 


1.34068 


1.35207 


37.76 


66.0 


1.32242 


1.32476 


35.55 


70.5 


1.35031 


1.35270 


37.81 • 


66.1 


1.32304 


1.32538 


35.60 


70.6 


1.35004 


1.35333 


37.86 


66.2 


1.32365 


1.32599 


35.65 


70.7 


1.35157 


1.35306 


37.01 


66.3 


1.32426 


1.32660 


35.70 


70.8 


1.35220 


1.35450 


37.06 


66.4 


1.32487 


1.32722 


35.76 


70.9 


1.35283 


1.35522 


38.01 


66.5 


1.32548 


1.32783 


35.80 


71.0 


1.35346 


1.35585 


38.06 


66.6 


1.32610 


1.32844 


35.85 


71.1 


1.35409 


1.35648 


38.11 


66.7 


1.32671 


1.32906 


35.90 


71.2 


1.35472 


1.35711 


38.16 


66.8 


1.32732 


1.32967 


35.05 


71.3 


1.35535 


1.35775 


38.21 


66.9 


1.32794 


1.33029 


36.00 


71.4 


1.35508 


1.35838 


38.26 


67.0 


1.32855 


1.33090 


36.05 


71.5 


1.35661 


1.35001 


38.30 


67.1 


1.32917 


1.33152 


36.10 


71.6 


1.35724 


1.35064 


38.35 


67.2 


1.32978 


1.33214 


36.15 


71.7 


1.35788 


1.36028 


38.40 


67.3 


1.33040 


1.33275 


36.20 


71.8 


1.35851 


1.36001 


38.45 


67.4 


1.33102 


1.33337 


36.25 


71.9 


1.35014 


1.36155 


38.50 
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Id Degrees BriXj speeifle ffracUy, and degrees Baumi of sugar solutions. — Continued. 



DBGIIKBH 








DBGIIKB8 










SPBdPfC 


■PBCIPIC 


■^^M&tt^P^^ 


BBIXOB 


spBcmc 


8PBCIVIC 


V^B>W^ ■kBPVI>«> 


PBRCSNT 
BY 


GRAVITY AT 
20*' C. 


QRAVITY AT 

20° C. 


dhobbkb 

BAVMft 

(modumjs 
146) 


PBB CBNT 

BY 

WBIGHT 

OP 


GBAVITY AT 
20** C. 


GBAVITY AT 
20° C. 


IbaukA 
(modulus 


WBIGHT 
OP 


4« 


20* 


4« 


20° 


145) 


socmomm 








sucnosB 








72.0 


1.35978 


1.36218 


38.56 


76.6 


1.38870 


1.39115 


40.77 


72.1 


1.36041 


1.36282 


38.60 


76.6 


1.38035 


1.39180 


40.82 


72.2 


1.36106 


1.36346 


38.65 


76.7 


1.39000 


1.39246 


40.87 


72.3 


1.36168 


1.36409 


38.70 


76.8 


1.39065 


1.39311 


40.92 


72.4 


1.36232 


1.36473 


38.75 


76.9 


1.39130 


1.39376 


40.97 


72.6 


1.36296 


1.36636 


38.80 


77.0 


1.39196 


1.39442 


41.01 


72.6 


1.36369 


1.36600 


38.86 


77.1 


1.39261 


1.39507 


41.06 


72.7 


1.36423 


1.36664 


38.90 


77.2 


1.39326 


1.39673 


41.11 


72.8 


1.36486 


1.36728 


38.95 


77.3 


1.39392 


1.39638 


41.16 


72.9 


1.36550 


1.36792 


39.00 


77.4 


1.39457 


1.39704 


41.21 


73.0 


1.36614 


1.36866 


39.06 


77.5 


1.39^3 


1.39769 


41.26 


73.1 


1.36678 


1.36919 


39.10 


77.6 


1.39688 


1.39836 


41.31 


73.2 


1.36742 


1.36983 


39.16 


7r.7 


1.39664 


1.39901 


41.36 


73.3 


1.36806 


1.37047 


39.20 


77.8 


1.39719 


1.39966 


41.40 


73.4 


1.36869 


1.37111 


39.26 


77.9 


1.39786 


1.40032 


41.46 


73.6 


1.36833 


1.37176 


39.30 


78.0 


1.39660 


1.40008 


41.60 


73.6 


1.36997 


1.37240 


39.86 


78.1 


1.39916 


1.40164 


41.66 


73.7 


1.37061 


1.37804 


39.39 


78.2 


1.39982 


1.40230 


41.60 


73.8 


1.37126 


1.37368 


39.44 


78.3 


1.40048 


1.40296 


41.65 


73.9 


1.37189 


1.37432 


39.49 


78.4 


1.40113 


1.40361 


41.70 


74.0 


1.37264 


1.37496 


39.64 


78.5 


1.40179 


1.40427 


41.74 


74.1 


1.37318 


1.37661 


39.69 


78.6 


1.40246 


1.40493 


41.79 


74.2 


1.37382 


1.37626 


39.64 


78.7 


1.40311 


1.40569 


41.84 


74.3 


1.37446 


1.37689 


39.69 


78.8 


1.40377 


1.40626 


41.89 


74.4 


1.37610 


1.37764 


39.74 


78.9 


1.40443 


1.40091 


41.94 


74.6 


1.37576 


1.37818 


39.79 


79.0 


1.40609 


1.40768 


41.99 


74.6 


1.37639 


1^7883 


39.84 


79.1 


1.40676 


1.40824 


42.03 


74.7 


1.37704 


1.37947 


39.89 


79.2 


1.40641 


1.40690 


42.06 


74.8 


1.37768 


1.38012 


39.94 


79.3 


1.40707 


1.40956 


42.13 


74.9 


1.37833 


1.38076 


39.99 


79.4 


1.40774 


1.41023 


42.18 


75.0 


1.37897 


1.38141 


40.03 


79.6 


1.40640 


1.41089 


42.23 


75.1 


1.37962 


1.38206 


40.08 


79.6 


1.40906 


1.41156 


42.28 


76.2 


1.38026 


1.38270 


40.13 


79.7 


1.40072 


1.41222 


42.32 


75.3 


1.38091 


1.38336 


40.18 


79.8 


1.41089 


1.41288 


42.37 


76.4 


1.38166 


1.38400 


40.23 


79.9 


1.41106 


1.41366 


42.42 


76.6 


1.38220 


1.38466 


40.28 


80.0 


1.41172 


1.41421 


42.47 


76.6 


1.38286 


1.38630 


40.33 


80.1 


1.41238 


1.41488 


42.52 


76.7 


1.38350 


1.38696 


40.38 


80.2 


1.41304 


1.41654 


42.57 


75.8 


1.38415 


1.38660 


40.43 


80.3 


1.41371 


1.41621 


42.61 


76.9 


1.38480 


1.38726 


40.48 


80.4 


1.41437 


1.41688 


42.66 


76.0 


1.38646 


1.38790 


40.53 


80.5 


1.41604 


• 1.41764 


42.71 


76.1 


1.38610 


1.38866 


40.57 


80.6 


1.41671 


1.41821 


42.76 


76.2 


1.38676 


1.38920 


4a62 


80.7 


1.41637 


1.41888 


42.81 


76.3 


1.38740 


1.38986 


40.67 


80.8 


1.41704 


1.41966 


42.86 


76.4 


1.38806 


1.39060 


40.72 


80.9 


1.41771 


1.42022 


42.90 
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Id Degrees Brix, specific graoUy, and degrees Baumi qf sugar solutions. — Continued. 



DBOBBRS 








DBOBBRS 








BRixon 


SPBClflC 


■PBCIPIC 


nnniiKm 


BBIX OB 


SPBCIFIC 


apBcmc 


ngtfin— 


PBRCBirr 

BY 


OBAVITY AT 

acre. 


OBAVITY AT 


bavmA 
(modulus 

145) 


PBBCBNT 

BY 


OBAVITY AT 

2(r»c. 


OBAVITY AT 

ao»c. 


BAUMft 

(modulus 


WBMniT 
OP 


4» 


20* 


OF 


4° 


• 20* 


145) 


SUCBOeB 








SUCBOBB 








81.0 


1.41837 


1.42088 


42.95 


86.0 


1.45223 


1.45480 


45.33 


81.1 


1.41904 


1.42155 


43.00 


86.1 


1.45292 


1.45549 


45.38 


81.2 


1.41971 


1.42222 


43.05 


86.2 


1.45360 


1.45618 


45.42 


81.3 


1.42038 


1.42289 


43.10 


86.3 


1.45429 


1.45686 


45.47 


81.4 


1.42105 


1.42356 


43.14 


86.4 


1.45498 


1.45755 


45.52 


81.5 


1.42172 


1.42423 


43.19 


86.5 


1.45567 


1.45824 


45.57 


81.6 


1.42239 


1.42490 


43.24 


86.6 


1.45636 


1.45893 


45.61 


81.7 


1.42306 


1.42558 


43.29 


86.7 


1.45704 


1.45962 


45.66 


81.8 


1.42373 


1.42625 


43.33 


86.8 


1.45773 


1.46081 


45.71 


81.9 


1.42440 


1.42692 


43.38 


86.9 


1.45842 


1.46100 


45.75 


82.0 


1.42507 


1.42759 


43.43 


87.0 


1.45911 


1.46170 


45.80 


82.1 


1.42574 


1.42827 


43.48 


87.1 


1.45980 


1,46239 


45.85 


82.2 


1.42642 


1.42894 


43.53 


87.2 


1.46050 


1.4o308 


45.88 


82.3 


1.42709 


1.42961 


43.57 


87.3 


1.46119 


1.46377 


45.94 


82.4 


1.4277« 


1.43029 


43.62 


87.4 


1.46188 


1.46446 


45.99 


82.5 


1.42844 


1.43096 


43.67 


87.6 


1.46257 


1.46516 


46.03 


82.6 


1.42911 


1.43164 


43.72 


87.6 


1.46326 


1.46585 


46.08 


82.7 


1.42978 


1.43231 


43.77 


ft7.7 


1.46395 


1.46654 


46.13 


82.8 


1.43046 


1.43298 


48.81 


87.ft 


1.46164 


1.46724 


46.17 


82.9 


1.43113 


1.43866 


43.86 


87.9 


1.46534 


1.46793 


46J» 


83.0 


1.43181 


1.43434 


43.91 


88.0 


X.46603 


1.46862 


46.27 


83.1 


1.43248 


1.43502 


43.96 


88.1 


1.46673 


1.46932 


46.31 


83.2 


1.43316 


1.43569 


44.00 


38.2 


1.46742 


1.47002 


46.36 
4<J.41 


83.3 


1.43384 


1.43637 


44.05 


88.3 


1.46812 


i.4707t 


83.4 


1.43451 


1.43705 


44.10 


88.4 


1.46881 


46.45 


88.5 


1.43519 


1.43773 


44.15 


88.5 


1.46059 


lATUlt 


46.50 


83.6 


1.48587 


1.43841 


44.19 


88.6 


1.47D29 


IA7289 


46.56 


83.7 


1.43654 


1.43908 


44.24 


88.7 


1.47090 


1.47350 


46.59 


83.8 


1.43722 


1.43976 


44.29 


88.8 


1.47159 


1.47^29 


46.64 


83.9 


1.43790 


1.44044 


44.34 


88.9 


1.47229 


1.47489 


46.69 


84.0 


1.43858 


1.44112 


44.38 


89.0 


1.47299 


1.47559 


46.78 


84.1 


1.43926 


1.44180 


44.43 


89.1 


1.47369 


1.47629 


46.78 


84.2 


1.43994 


1.44249 


44.48 


89.2 


1.47438 


1.47699 


46.83 


84.3 


1.44062 


1.44317 


44.53 


89.3 


1.47508 


1.47769 


46.87 


84.4 


1.44130 


1.44385 


44.57 


89.4 


1,47578 


1.47839 


46.92 


84.5 


1.44198 


1.44453 


44.62 


89.5 


1.47648 


1.47909 


46.97 


84.6 


1.44266 


1.44521 


44.67 


89.6 


1.47718 


1.47979 


47.01 


84.7 


1.44334 


1.44690 


44.72 


89.7 


1.47788 


1.48049 


47.06 


84.8 


1.44402 


1.44658 


44.76 


89.8 


1.47858 


1.48119 


47.11 


84.9 


1.44470 


1.44726 


44.81 


89.9 


1.47928 


1.48189 


47.15 


85.0 


1.44539 


1.44794 


44.86 


90.0 


1.4799^ 


1.48259 


47.20 


85.1 


1.44607 


1.44863 


44.91 


90.J( 


1.48068 


1.48330 


47.24 


85.2 


1.44675 


1.44931 


44.95 


90.2 


1.48138 


1.4S400 


47.29 


85.3 


1.44744 


1.45000 


45.00 


90.3 


1.48208 


1.48470 


47.34 


85.4 


1.44812 


1.45068 


45.05 


90.4 


1.48279 


1.48540 


47.38 


85.5 


1.44881 


1.45187 


45.09 


90.5 


1.46848 


1.48611 


47.43 


85.6 


1.44949 


1.45205 


45.14 


90.6 


1.48419 


1.48681 


47.48 


85.7 


1.45018 


1.45274 


45.19 


90.7 


1.48489 


lASrS2 


47.52 


85.8 


1.45086 


1.45M3 


46.24 


90.6 


1.48659 


1.48822 


47.57 


85.9 


1.45154 


1.45411 


45.28 


90.9 


1.48630 


1.48893 


47.61 
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•rax on 

pmCKNT 
BY 


■PBCIFIC 

GIUYITY AT 

20»C. 


spBcmc 

ORAVITY AT 
20«>C. 


DBORSBS 
BAUHit 

(modulus 

146) 


DBQKBBS 

BMXOR 

PBRCKNT 

BY 
WBOBT 

OF 
8UCBOSB 


8PBCIFIC 

GRAVITY AT 

20*>C. 


SPBCXFIC 
ORAVITY AT 

20»C. 

20" 


baumA 
(modulus 


WBIOHT 

OP 
8VCB08B 


4* 


20" 


4« 


145) 


91.0 

91.1 

91.2 
91.3 
91.4 


1.48700 
1.48771 
1.48841 
1.48912 
1.48982 


1.48963 
1.49034 
1.49104 
1.49175 
1.49246 


47.66 
47.71 
47.75 
47.80 

47.84 


95.5 
95.6 
95.7 
95.8 
95.9 


1.51905 
1.51977 
1.52049 
1.52121 
1.52193 


1.52174 
1.52246 
1.52318 
1.52390 
1.52463 


49.71 
49.76 
49.80 
49.85 
49.90 


91.5 
91.6 
91.7 
91.8 
91.9 


1.49053 
1.49123 
1.49194 
1.49265 
1.49336 


1.49316 
1.49387 
1.49458 
1.49529 
1.49600 


47.89 
47.94 
47.98 
48.03 
48.08 


96.0 
96.1 
96.2 
96.3 
96.4 


1.52266 
1.52338 
1.52410 
1.52482 
1.52555 


1.52535 
1.52607 
1.52680 
1.52752 
1.52824 


49.94 
49.98 
60.03 
50.08 
50.12 


92.0 
92.1 
92.2 
92.3 
92.4 


1.49406 
1.49477 
1.49548 
1.49619 
1.49690 


1.49671 
1.49741 
1.49812 
1.49883 
1.49954 


48.12 
48.17 
48.21 
48.26 
48.30 


96.5 
96.6 
96.7 
96.8 
96.9 


1.52627 
1.52699 
1.52772 
1.52844 
1.52917 


1.52897 
1.52969 
1.53042 
1.53114 
1.53187 


60.16 
50.21 
50.25 
60.30 
50.34 


92.5 
92.6 
92.7 
92.8 
92.9 


1.49761 
1.49832 
1.49903 
1.49974 
1.50045 


1.50026 
1.50097 
1.50168 
1.50239 
1.50810 


48.35 
48.40 
48.44 
48.49 
48.53 


97.0 
97.1 
97.2 
97.3 
97.4 


1.52989 
1.53062 
1.53134 
1.53207 
1.53279 


1.53260 
1.53332 
1.53405 
1.53478 
1.53551 


50.39 
50.43 
50.48 
50.52 
60.67 


93.0 
93.1 
93.2 
93.3 
93.4 


1.50116 
1.50187 
1.50258 
1.50829 
1.50401 


1.50381 
1.50453 
1.50524 
1.50595 
1.50667 


48.58 
48.62 
48.67 
48.72 
48.76 


97.5 
97.6 
97.7 
97.8 
97.9 


1.53352 
1.53425 
1.53498 
1.63570 
1.53643 


1.53623 
1.53696 
1.53769 
1.53842 
1.53915 


50.61 
50.66 
50.70 
50.76 
50.79 


93.5 
93.6 
93.7 
93.8 
93.9 


1.50472 
1.50543 
1.50615 
1.50686 
1.50757 


1.50738 
1.50810 
1.50881 
1.50952 
1.51024 


48.81 
48.85 
48.90 
48.94 
48.99 


98.0 
98.1 
98.2 
98.3 
98.4 


1.53716 
1.53789 
1.53862 
1.53935 
1.54008 


1.53988 
1.54061 
1.54134 
1.54207 
1.54280 


50.84 
50.88 
60.93 
60.97 
61.02 


94.0 
94.1 
94.2 
94.3 
94.4 


1.50829 
1.50900 
1.50972 
1.51044 
1.51115 


1.51096 
1.51167 
1.51239 
1.51311 
1.51382 


49.03 
49.08 
49.12 
49.17 
49.22 


98.5 
98.6 
98.7 
98.8 
98.9 


1.54081 
1.54154 
1.54227 
1.54300 
1.54373 


1.54353 
1.54426 
1.54499 
1.54673 
1.54646 


51.06 
51.10 
51.16 
51.19 
61.24 


94.5 
94.6 
94.7 
94.8 
94.9 


1.51187 
1.51258 
1.51330 
1.51402 
1.51474 


1.51454 
1.51526 
1.51598 
1.51670 
1.51742 


49.26 
49.31 
49.35 
49.40 
49.44 


99.0 
99.1 
99.2 
99.3 
99.4 


1.54446 
1.54519 
1.54593 
1.54666 
1.54739 


1.54719 
1.54793 
L54866 
1.64939 
1.55013 


51.28 
51.33 
61.37 
51.42 
61.46 


95.0 
95.1 
95.2 
95.3 
95.4 


1.51546 
1.51617 
1.51689 
1.51761 
1.51833 


1.51814 
1.51886 
1.51958 
1.52030 
1.52102 


49.49 
49.53 
49.58 
49.62 
49.67 


99.5 
99.6 
99.7 
99.8 
99.9 


1.54813 
1.54886 
1.54960 
1.55033 
1.55106 


1.66087 
1.55160 
1.55234 
1.55307 
1.56381 


51.50 
61.65 
61.59 
51.64 
61.68 










100.0 


1.55180 


1.66464 


61.73 
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Reduced iron method (or nitric and ammoniacal 

nitrogen in fertilizers ..I. 33 10 

Reducing substances, total, before inversion, 

inbeers XVII, 12 188 

vinegars -XVIII, 8 193 

sugars, in beers ...XVII, 12 188 

foods and feeding stuffs ..VII, 19-38 77-82 

fruits and fruit products. XII, 15 155 

saccharine products VIII, 23, 38 107,110 
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Reducing sugars, in wines.. XV, 12 175 

after inversion, in tomato products... XIII, 21 163 

vinegars XVIII. 10 193 

before inversion, in tomato products.. XIII, 20 163 

vinegars XVIII, 9 193 

other than dextrose, in foods and 

feeding stuffs VII, 56 94 

Refractive index, of faU and oils XXII, 5-8 240, 241 

lemon and orange oils XIX, 33 202 

Reieheri'Meinl Method tor soluble volatile acids 

m fats and oils XXII, 23-25 247,248 

number, of fats and oib XXII, 23-27 247,248 

Renovated butter XXI, 51, 52 234 

ReaaduaK color after precipitation with lead ace- 
tate, in flavoring extracts XIX, 14 199 

Resin ofl XXU, 35 253 

Rflsorcin test for commercial invert sugar VIII, 45, 46 112 

Riehe and Bardy Method for methyl akxAol in dis- 

tiUedtiquors... XVI, 17 184 

Roeie-XjoUlieb Method, for ether extract in confec- 
tionary VIII, 26 108 

fat in daky producte...XXI, 12 227 

Saccharin IX* 12-14 121. 122 

Saccharine products - VIII 101 

SalicyUc add IX, 1-.5 117-119 

Salol, in drugs ..XXVIII. 16, 17 297 

and acetphenetidin in mixtures XXVIII, 14, 15 296 

Salt, in butter XXI, 45 233 

canned vegetables ..XIII, 5 161 

cheese XXI, 55 235 

prepared mustard XXIII, 27 262 

tomato products XIII, 19 163 

Sand, in plants - II, 4 15 

tcMnato products.. XIII, 16 163 

Songlk'Ferrihe Method (or abrastol IX, 36 128 

Santonin, in wormseed XXVIII, 35 302 

Saponification numb^ of fats and oib XXII, 19, 20 246 

Sehmidt'Bondiyntki Method, Modified, for fat in 

cheese - XXI, 60 235 

Serum, acetic, in milk XXI, 16 228 

copper, in milk XXI, 18 229 

sour,mmilk XXI. 17 229 

Sesameoil XXII, 38. 39 254 

Sifica, in mineral water Ill, 40 28 

plants II, 4 15 

Sinibaldi Method tor tibcediUA IX, 35 128 

Slaf, TAoiruM or basic 1,46-53 13,14 

Soflp VI, 61, 62 64 

Sodb lye VI. 63 64 
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Sodium, in mineral waters Ill, 49-61 31-33 

planU II, 13,14 18, 19 

soils XXIX, 23 318 

chlorid, in tomato products XIII, 19 163 

saHcylate XXVIII, 18, 20 297, 298 

Soils A XXIX 309 

Solids, in dairy products XXI, 1 225 

flavcving extracto XIX, 7, 26, 51 198. 202, 206 

fruits and fruit products XII, 3-5 153, 154 

leathers V, 10-12 51 

prepared mustard XXIII, 25 262 

tanning materials IV, 2-5. 12, 13 43-45 

vinegars XVIII. 7 193 

waters Ill, 6, 7, 31. 70 21. 27, 38 

insoluble, in fruits and fruit products... XII, 4, 5 154 

tomato products XIII, 14 162 

non-sugar, in wines _ i XV, 11 175 

soluble, in coffees ...XXV, 6 269 

SSrenson Method for amino nitrogen, in meat XX, 33 219 

SoxMet Method (or dextrose VII, 50 90 

invert sugar VII, 22, 23 78 

-fl^emAfei^iorf for lactose.. VII. 46, 47 88 

Spearmint extract XIX, 54,55 206 

Special tests for coal tar dyes permitted under the 

Federal Food and Drugs Act X, 15 138 

Specific gravity, of beers XVII, 3 187 

distiUed liquors XVI, 1 181 

fats and oils XXII, 2 239 

flavoring extracto XIX, 1. 17 197, 199 

saccharine producto VII, 5, 7 102, 103 

vinegars ...XVIII, 3 191 

wines-. XV. 3 173 

Spices XXIII, 1-23 257-261 

microscopic examination of XXIII. 19-23 260. 261 

and added pungent materials in vinegars XVIII, 31 196 

other oondimento. XXIII 257 

Spores, in tomato pulp, etc XIII, 29 165 

Stahhehmidi Method, Modified, for caffein in 

coffees XXV, 15 270 

SUrch, in baking powders XXVII, 17-19 282.283 

cacao producto XXIV, 10, 11 266 

coffees XXV, 17 271 

foods and feeding stuffs VII. 59-61 95.96 

fruito and fruit producto XII, 19 156 

meat XX, 14. 15 212 

saccharine producto. VIII, 24 107 

spices XXIII» 13 268 

Strontium, in mineral water III, 46 30 

Strychnin, in liquids XXVIII, 31 300 

tableto XXVIII, 32 301 

SucroL... IX, 37, 38 128 
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Sucxofle, in beets VIII, 66-68 115,116 

cacao products.. XXIV, 15 267 

condensed milk JXXI. 38, 39 231. 232 

flavoring extracts XIX, 10,28 198,202 

foods and feeding stuffs .VII, 14-59,58 74-83,95 

fruits and fruit products. XII, 13, 14 * 155 

saccharine products VHI, 19, 20. 39, 54. 106. 107, 110, 

55, 66-^ 113, 115, 116 

tomato products XIII, 22 163 

wines _ XV. 13, 14 175, 176 

Sugar, as a coating and glanng substance, in 

coflfees XXV, 22 271 

house products... VIII, 6d-68 115.116 

Sugars, in canned vegetables XIII, 6 162 

distilled liquors XVI, 15 184 

meat and meat products XX, 19, 20, 56 213, 224 

wheat flour , XIV, 6 167 

total, in cattle foods _ VII. 56-68 94,95 

Sulphate sulphur, in insecticides and fungicides-.. VI, 81 69 

Sulphid suli^ur. in insecticides and fungicides VI, 78-80 68, 69 

Sulphite-cellulose, in tanning materials IV, 9. 10 44 

Sulphur, in mustard XXIII, 16 259 

plants _ II, 19 20 

soils XXIX, 20 317 

Sulphuric acid, in baking powders XXVII, 26 284 

mineral water 111,48 31 

plants II, 12 18 

wines XV, 21 176 

Sulphurous acid IX, 30-33 126, 127 

Sweetening substitutes in fruits and fruit products. XII. 35 160 

Tannin, in cloves and allspice ..XXIII, 15 259 

leathers V, 13 51 

tanning materials FV, 8 44 

teas XXVI, 15. 16 274 

wines XV. 29. 30 179 

Tanning extracts IV. 1-10 43-45 

liquors... IV. 11-16 45 

materials IV 43 

raw and spent -IV, 17-21 46,47 

Tartaric acid, free, in baking powders XXVII, 14, 15 282 

wines XV. 28 178 

or combined, in baking powders XXVII. 12 281 

total, in baking powders _ XXVII, 13 281 

fruits and fruit products XII, 23. 24 156, 157 

vinegars XVIII. 25 195 

wines XV, 27 178 

and tartrates, in vinegars XVIII. 24 195 

Tartrazine X. 5. 7, 15 133. 134, 138 

Teas XXVI 273 

Thiosulphate sulphur, in insecticides and fungi- 
cides...: VI, 75-77 68 
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Thomas or basic dag _ _I, 46-53 

Tin, in foods XI, 5-7 

Titanic oxid, in soils XXIX, 15 

Titer test for fats and oils XXII, 12, 13 

Tobacco and tobacco extract. _ VI, 64-67 

Tomato products XIII. 12-30 

bacteria in _ __XIII, 30 

molds in XIII, 29 

yeasts and spores in _ __XIII, 28 

Total aldehydes, in flavoring extracts XIX, 22, 23, 38 

Tragacanth XXVIII, 34 

Trillat Method for methyl alcohol in distilled 

liquors XVI, 16 

Turbidity, in potable water III, 1, 2 

Turmeric X, 25 

Turpentine XXVIII, 44-49 

Unsaponifiable residue, in fats and oils XXII, 34 

Vanilla extract and its substitutes ._ - XIX, 1-16 

resins _ XIX, 11 

Vanillin, in vanilla extract ..XIX, 4, 5 

Van Slyke Method for amino nitrogen in meat XX, 30-32, 50 

Villavecchia Te^/ for sesame oil XXII, 39 

Vinegars. XVIII 

Volatae oU, in teas XXVI, 13 

Volumetric method for chlorin in plant ash II, 16, 17 

thiosulphate method for reduced copper VIII, 27, 28 

Water, added, in milk ._..XXI, 16-18 

extract, acidity of, in wheat flour XIV, 5 

in teas XXVI, 4 

industrial 111,70-86 

irrigating 111,87-89 

mineral Ill, 30-69 

potable Ill, 1-29 

Water-soluble material, in leathers V, 6, 7, 11, 13 

Waters... III 

Waxes and fats, in coffees XXV, 25 

Weill Mettod for maltose VII, 42, 43 

Wijs Method for iodin absorption number, in fats 

andoils._ XXII, 17. 18 

Wiley Method for melting point of fats and fatty 

acids ..XXII, 9, 10 

Wines.. XV 

Wintergreen extract XIX, 54-56 

Winton lead number, in maple products VIII, 61-63 

Yeasts and spores, in tomato pulp, etc XIII, 29 

Zinc, in foods XI, 9 

arsenite VI, 37, 38 
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HORTVET CRYOSCOPE 



The most convenient instrument for 
quick, accurate, and economical determina- 
tion of freezing point. 

Designed originally for determining 
added water in milk, and recommended also 
for commefcial and research freezing point 
tests of all kinds. 

The Hortvet Cryoscope is recommended 
for freezing point tests on the following: 

Acetic Acid; Aniline; Anisaldehydi 
Anisol; Be nzal chloride; Berzaldchyde; Ben- 
zene, Benzonitrile; Benzo trichloride; Benzyl- 
benioate; Benzyl-bromide ; Benzyl -chloride 
Benzyl -cyanide; Bromphenol (o); Brom- 
toluene; Bromoform; Butyric acid (n) 
Cacodyl; Caproicacid; Carbon tetrachloride; 
Cineole; CinnamicaWehyde; Coniine; Creaol; 
Cyclo-hexane; Dichlor-benzene;' Dodecane: 
Furfural; Glycerine; Linoleic acid; Methyl- 
salicylate: Methyl-sulfate; Nitro-ben; 
Nitro-glycerine; Nitro-meth^ne; Nitro- 
toluene; Paraldehyde; Phenyl hydrazine 

Piperidine; Propionic acid; Quinoline: Tetrame thy I benzene (1, 2, 3, 4,) 

Toluene: Xylene (o); Xylene (p); Zinc ethyl. 

The Hortvet Cryoscope is recommended also for tests on Bromine; Oils; 
Antimony penta-chloride; Hydrogen peroxide; Sulfur Trioxide; Stannic 
chloride; Sulfuric acid; also for aqueous Alcohol solutions; Blood; various 
Gland secretions; Salt solutions; Soil extracts: and Sugar solutions, also for 
obtaining the zero point of precision thermometers; molecular weight 
determinations, etc, 

Wi-Ue/or BiMelin No. 568 



EIMER & AMEND 



Founded 1651 



FOR 



SPECIALTIES 
FERTILIZER LABORATORI 

/ 
The TMt 
!N OUR STOCK FOR iMMEDiATE SHIPMENT 

of Serrlce 

POTASSIUM SULPHATE 

POTASSIUM SULPHATE, "Kjelgest" (Registered Trade-mark), a pure grade 
of Potassium Sulphate, practically free from nitrogen, i. e., nitrogen con- 
tent of 10 grams not over 0.01% when calculated on a basis of 1.7034 grams 
of sample. Recommended for making digestions for the determination pf 
nitrogen by the official methods of the Association of Official Agricultural 
Chemists. 

* 

Per lb. in. 5 lb. paper lined boxes _ $ .50 

Pcrlb. " 101b. " *' " 40 

Per lb. " 2001b. bags .30 



MANNITE 

MANNITE, as used for the determination of borax. 
Per lb. in 1 lb. cartons 



$6.50 




No. 28335 



VOLUMETRIC FLASKS 

28325. FLASKS, VOLUMETRIC, PHOSPHORIC 
ACID, 200 ml. capacity, for determination of 
insoluble phosphoric acid; made of heavy glass 
to withstand violent shaking, and with 200 ml. 
mark low on neck. As used in the Massachu- 
setts Agricultural Experiment Station % .80 

10% discount in carton containing 12 
20% " " case " 72 



28328. FLASKS, VOLUMETRIC, FERTILIZER, 

250 ml. capacity, with short neck and with 
mark low on neck; of heavier glass than regu- 
lar volumetric flasks _ % .90 

10% discount in case containing 72 
PriemM tahimct to chtrngm withoat noiicm. 




No. 28238 



ARTHUR H. THOMAS COMPANY 

WHOLKSALK. RKTAIL AND KXPORT MCRCHANTS 

LABORATORY APPARATUS AND REAGENTS 

WEST WASHINGTON SQUARE PHILADELPHIA. U. S. A. 



TWO NEW 
ANALYTICAL BALANCES 



No. 21318. Newton AmlrUcal B 



We have ci tended oi 



21313. SUANCE. ANALVTtCM,. NEWTON No. 210. CamcUv 200 (rama I 
pan, Mniiiiviiy 1/IOth miulgram. with btam divided In 1/10 mil]' 

21318. BALANCE. ANALYTICAL, NEWTON No. 220. CapuJty 200 tn 
pan. KDsltlvitv 1/IOth milllgrani. with beam divided In I/ID mill 

JV(c«* aulfimet to changm withoat notieu. 



. tlOO.00 

I2S.00 



ARTHUR H. THOMAS COMPANY 



LABORATORY APPARATUS AND REAGENTS 

WEST W*BHINQTO^ SQUARE 



THE SEIDENBERG GAUZE-DISH 



FOR THE MORE ACCURATE DETERMINATION OF SOLIDS IN LIQUIDS 



Less absorption of hygroscopic moisture than by other methods. Therefore 

more dependably accurate. 
For testing of milks, sugars, syrups, honeys, jellies, ftavoring extracts, vine- 
gars, liquors, glues, soaps, etc. 
Also for physiological chemical solutions. 
Provides an economical apparatus in commercial tests. 
For detailed description, ask for Pamphlet J-2S, 



lis Guarantee Is the Name of the Manufacturers 

AMERICAN PLATINUM WORKS 

235 N. J. R. R. Ave., NEWARK, N. J. 
NEW YORK OFFICE: CHARLES ENGELHARD, 30 CHURCH ST. 



MAKERS OF QUALITY WARES IN PLATINUM, GOLD, SILVER, ETC. 

PLATINUM CHLORIDE FOR POTASH DETERMINATIONS 

Ask for Catalog J-15, of Interest to Ail Chemists 



* 



i 



